“Calhoun 


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations l. Thesis and Dissertation Collection, all items 


1988 


Earthquake resistant submarine drydock block 
system design 


Luchs, James Kenneth 


Monterey California. Naval Postgraduate School 
http://hdl.handle.net/10945/23021 


This publication is a work of the U.S. Government as defined in Title 17, United 
States Code, Section 101. Copyright protection is not available for this work in the 
United States. 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 
| (Ч D U DLE Y research materials and institutional publications created by the NPS community. 
4 узу, Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


ІШ KNOX appointed — and published — scholarly author. 

OM LIBRARY Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 








A si E ES ЈАК. n =j 12 r dl ы ~ ار اتب‎ 4 -5 1 d i De A ررش‎ L^ n Т од) 22) T TER 
vr ^ d wa | | " ^ Т. ау y A tvi کا‎ h و ہیف‎ T» و یی‎ И اود‎ 
p& 4.9808 یی‎ t = P 4 Т aif 2 МАЛЫ лы ыты» AN AS AAA 4 PTS DON жээ 
rei O a T A es *- a 4 ДО NO OR Oe p EL А МУ ем 
Dv y carr SC ТЭЭХ! DS PAPE POR | us ES ANE بیو‎ - този мања [RE d ML COS уҹ Zn E Van Credere: 
pi КОД РИМ جم جو ہوم‎ ДЫ ТҮГЕ رم‎ | l TL - row A SAMA AO Y A aS €«* 0-9 і% -8ге»ч % 64.4 Men жээ N ; TY 2 IT fot A al 
а РОА ОС E KNSS A KO 4 ! я 3 Ma dA یں ار یم یا یہہ بے‎ leh tat CY Sw ee ee EN) i Ё У A MAS CA 
EE AS Aa ~ a E Џ UR eramus АҚАН Жо дах nee VO PEN nm una 3 " 5559 AAA eri 
OC ee ee E) EJ түг Ы >= ا‎ "EL ты à == већ, ДА Ээ 4 a Ds LEE ñ AAA TAI A 7 
SS АГЛАГ Л a 1 us еъ 2 E м ‹ A [aa ASK SAT Лан AAA 5 р a. I DEE N 
HAL Tiy Ри ہ‎ + ч LT D " r ¿e MESS ч қ ма. n پا و ےهت‎ n 0 co n NM „ъа سے یم پا ہو‎ РОУ УЧИ ہ ح6 ۰۹٠و پ ,جق‎ Í 5 Д rate do ue 
il › & ла te . $ 7 t » О L ` a ‘Mure "n » RODA 9.9 844.6 M. nd» PAPE Nl ea: 
AS AA SR RETA а ТӨК рр 1 ' Ц М a> Бол Ye О ТА ®» MCA OL E er ee Are си EA A u 
AAA AA AA AAA de . as 8 eA. es TN nv DENM IECUR eee ee ee pe Te Se ضا ا‎ EICHE) БҮЛ EEE HI SR 
a et ee | - СЕП = L Tm LN d АЛИК ИЙ Чү үч EY Ж ОСКАР УКГ NT NT 7 nut رر‎ 
m PN y ».у!)44 94 8м4.48-51( 26 11) › > ^ e pe te ШІ M П ЛАЛА IAS A T een ty Е ПРО МУ ОРО ДАДА КА ب ی‎ 
ЧР ٭‎ amet as A] LU L] i ТЭ" = "E ГУ? = Фа %. е 1241 ,ЖАл-ыаЭ %з-ь. 2. өз... Т.6 2 %-2.9...., Аөмбіқт» 4-2-8/0ө- е. y E 2 [ҮҮГӨ ГКК ҮК ~ 4У У У' 
пој alate b darme ماد مق‎ A A u әк Хог Ал “ DA رش ںا شش در شس‎ РА УНЕ ГИЗИ УУ ГА қ سوہ میس‎ И ы); (М AR ИСС 
асарға p'en eres ets е у а La офа و‎ $t tsa 1 M г ue Л AE ریب‎ ТД КУ РРА УУ Or bree ew rey wrt Rad RANA DIA AA A وہای بیس اجس بینم‎ 
98:0299.28 80. .| 5444 a )-3-4л0.0 - А) en f de” 4 ur = 4ye سو سے وہہ‎ al ПА E AAA A A ALEA ГОУ О ЧУЛА АЕ А нь дайныг 
р теа Уулс m - | 4 2 ^9 - 1 - = EA AN AR ACT ГҮ грч Maly E MA фу у AAA > 
ПИО СИТ) 4244 84 алан, | q adii: “ж. жала v DIEM ہب جا شس‎ мл LLL ОЗАВА КИ АЈА DARE جس سور سے رر ریا را رر و و رش و‎ Qt e e ipt rra d) o irr 
ы р КҮК ИУ К : ч ston Рр ба" e E ‘ ` >. g O UA OCR TOIT I NOD SADT ео ye OY Wee te NDS Pe cs: A фо ® 
rary 2848. ul, 2.08 of pw X ^ : tet „in 23 $ o". Е] E مھت ےہ لہ جج‎ E EE. met 2 رر ہپ‎ AMA AAA STA ا ا یی سر ا نز رج ہد‎ een өдөн 
МАҚТА یس فا یچوم ہیں ہے یھی‎ RR, am P Proud а Las “6. y "w AL سوج ویش ای‎ ANTEMANO ds ro io e 
EPR ARRAY IA РРТБ аси 51 а У LN „у т. Lo e A LEES AAA TRATE OPES ea puind 
СИ AA IR O ھ7‎ ë 1 А MEL T a یھ جہ ہے ومک‎ ۰ ٠ ہف 4008۔۸ ج مض‎ Фе VIX VPN MP MR ҰЛУ ТҮН! грота, سا ور‎ жү: ا این‎ ET SO 
Fu سرب اہ نیا0 یجن‎ pr r 2 سے چس سے‎ Ы Ex ы E N не Ма d Жонг эсээ A ty ty ret pene wey rary aie ot Eo 
"Err T A 4 [Xt š ں‎ [X^ 1 П ЕТ АД ШИ УСД У A ТУ МУ 73 „шы. ы А КҮК N ехе ААД 
0, OSA AIR ы Б » i Е А ы үрү E Pom Y ek ee N mtn betee 
ndo o ا‎ ама 23 ФЭН - e ہف‎ у > ہش وہ دی‎ MICE MC КҮ" ҮКҮ K Y PS Inc nee A old ak es bir 
4 4.69. өзе «04 ( : diei o (O6 nro uu зала Fun 2 t- o д UTE و ور نر کرو تر جو و یرت روج‎ ETAT نی ریت‎ UK КАТУ ЛҮҮ وج رر یں‎ ee تو‎ мађ ییا ی یی ی‎ ern 
A 0 E ARA. ча. نمو‎ colt З JD БЕК ВОН ООСС НОС О RT Ate EPO O O ndo dpi 
TAX УЕ amus 4.94 V. e ۶ #7 .es > av چپ‎ ii Lr رو ہر وید کو سر رر رو پور ہے‎ UCL EVE raga fpe bec forro А У Ир" 
ا رو ی‎ dera el tele, بی ۱۷ شی ے‎ * c y 7 ^ | Y СОНИ ИЕ О CN ek A A AE И A SR CC et 
: RT а ا‎ Фи у š у ; ہے‎ ^ ТИК "ПР fave A DE BE 828. қо» 449 %2444: 9.2447%-9. %/4.а А0 CC e PSP Un y mnn ہوا نی‎ pP PR tiat err 
ERIN AS E EM Р " 2 - б D E dim ОУ ری ا ہیں‎ ote et Ye tree €. انوس‎ LR یں سیف ے نو رر یر ری جج‎ tS اس‎ 
بط ےر ہار ایہر ری جا یی بیو وہر یں‎ = 4 „Ыйга ы ds 3 Бий, E A tee ee Е а ون‎ A ہے ہے ری رہ‎ ие. РЕЯ ЧУТТЯ ام‎ 2-0 чү у И دھ‎ isi 
н deer oak fone M ee ee ee ee ee ЭШ ЕР И ЖЕП eb Bele MF Y ЕУ Б dine, ‘r ود‎ ARE EE Te Pt CIPRO WEE amer r p'a hte Sd етуу err peii, ola SAN IT 
وو |1ھ-ھ م ہے‎ 9856 a جدھ چیے دج‎ Posada ut AA A E وٹ‎ ° wr el de E К ^ шал ЛЖ ЭТТ, ہی‎ od Oe + 1 لہ‎ га 2 ро Ат СРИ ee ee, ee ee ee eee DEO A A e a 
موی‎ c Pe ein are aya pA Ep N NT a NE е жеры ы NE => Ру опао = ЈИ А НОК پاش‎ СИ МУ A И У И ИЦ eR 
A ÓN TAN p ap i a EISE LE A N . می‎ ААГ, Ld M Siem ih aut алы کور رہ رج تی روہ‎ МАЛТА ЛЛА e Mp CC tier vd ҮЧ Г ОТЕ TO 06 үн 
A M r IA A A Y A ЕТКЕ СЫ 2. ^^ ev ` і е. ہنم ہس رہ رر ہو کٹ‎ a A een nae У УУ 
os N N RA oed der iF - A رت ررش و و‎ a tn Oe EO ОРИ Ме یں ہی‎ pO Peay RE А 
: 53 وحیقم ۹2 9 9۔ تھے ہہ‎ ` € FED | — A „2.4 5 П А мэ EARN ЕРУ“ MVP ыл К ҮК КҮЗ ҮК ГК КА И К К 2 ЛЭ ھ مقا ظا تل < با‎ 
A РЕЧИ“ boy А.А a a hr ee اہ و‎ a لے‎ * a к= = Ингэн Цэн РИК А СА eh ТОК РОВ ИН РУИС ГҮ ӨГ ҮҮ ҮСҮ КҮТҮН Rt %%./7Ь 5 par 
a u" лб RS SA С MM а 2224 м МАДА РИК ДАЛАДА КДК ху TERN Y A er Cone NEN лесе 
гурае a a Me Rr rv AAA NL 2 AS эг. ML m va رت‎ LN SRM NR eed ےا نٹ‎ MS APA 06% AAA Lee 
Р РЭГ ТҮ ҮЛЭЭЖ E MDC .. "uw ГЕС M ` = | P 9 یرہ ریہ‎ een ak tl. ert Tt ee ДА A AS A OE Хонин 
ا ا و و رک کو ا ےچ ری ی وچ م می‎ A AAA A AAA О ДАНА ЛАА И, КО ДР “Ай لہپ‎ "а эй Хил а О MAL تل دیشر سے ڈو رج رر رر رر ہش رش شش شڈ ہہ‎ a ہا ید‎ pret NEC ACH тыр 
на араа олорон н анан на O O РЕЗЧЕ ee АГА ЛО 1 л» san den "n de ы er К. 1 A AAA anda rapere TT CR ہدیس لف ےی ہر‎ Ыы 
an EEE TREE papi LE TR CONT a سی فی‎ Барыс, لے سز‎ УА سار‎ aA <> И ы a А РС ПН ee ee Pre en N AO O AR e aea 
UN e AI OMAN NAAA AAA ne ЛЫГЫ CANA da mA eR IIA a A тайл 20 “A 5 Lad « بے ود‎ КП sS O A ON YPC A сү КАЛА АТСА ла. фл. и и арми ојл pub ap ol چ ی چ‎ Vd a 
A RAR RESISTE ЈЕ. = ۰ LAN Nm ba và Калын Мыл ЛК ҮТИ وس ںو ہر پر‎ LIE PN Урил У У A 
sites joey mts ہے‎ en нв ји AA AA tee "m nt - شر ہر مہم‎ WILDE a M e ا یر یہ و یں‎ er ee Rue 
yA AAA o ача п uf ord AA AAA A DAA AA AAA O AAA У А ти A Pe + “° tn О . ۶-۰٢ УСКО A | ОРАСИ У A АЕ О eq E Po M equat vr ар рр ETE тоол АЛХХТ211722 2213 3 ч ин 
фараони. јама AA A AA 12820000 250 a S: = “ УК ^ s ہے‎ ipi ee аль Г ЫМ ںہ شش اھ ای‎ ANNAN PA ee ii o o ج۸‎ da i چو‎ 
e > ee A AAA A A RISE Mee RS e or ٠ 554 di Lar 2 ٩۲ Хн bd یب جس یش چو ھہ ا ئن سے بوخ‎ А را ہی ا ال یں جو اش رش گا‎ а рачуну рт otr dr Id ds ds A 22 
ANNA AAA AA ١ہ‎ И گر‎ ОИ УК е огай AA У а а qapa hen n ue LM Le УСУ РЧ Чр че A Oe A РК КТ ыы ы 
x a A AS OR l اا ی‎ M we "T ti + qA B.T pen n е ә- x... E Mm. rs Ал „АА и А ОУ И У ДУО Рита УЧИ У У ЧИ СОЕ УРИНА ЧИ И LT TY 
» M ree 439 б de پت و 0بر‎ ۰ m. Heer dos к АЧ, чч цал но" УУ ЧИ 4 E E AAA AAA 
بے ٤ج بد ےب‎ A RADA A deter E AAA ү ИН NE A LII 25 mes اہو . جھےر و‎ “м же» о Rt. S A AA Pr aperiret rte اہی‎ id بے تمس جس تھے ہرد را ور‎ 
E EROS IN ARAS AA REO D СКИ 217 ын J ыг ГЭ z о аллы и РРА Ра ара у у Аа dd id u ui 
EEE TREE A A AAA AA A A AS سی‎ - rca ^ ха الات‎ EE Mm Ред А CL LS, REST Tupac arp ra حور رت ہداس جم ےناج ےج ھت روا سے ےس و جوا‎ 
ARA рүү урн ру УННУ ЧЫРР ИРАНИ ИШЕ ЫЗЫ е а ніне банана сой - өзе, رہ رہب ہر ری لہ بر ماحیر ہے‎ uncut ortae M o Ier وی‎ ear rN YT? he yar Nay tet Раоа“ 
амы ہج رر ری رہ ہف را سز یت شسئی ےس سے نیىسممسمبودی تی نسپیے یں ہجوب نر زیے‎ OS abe uL ae m e de.» m. н m о ИЧСЕ 63 اش رش رج ہہ‎ Жам ек КТА eo ee Le ee epee ay K a ee eee A ASA ee ч" 
аьара иа оран ован S at گاکھہک اکر کو‎ қы РММ Ре И ИРИНЕ en al Ч ia nm а و‎ аа یرت ےہ کر ہے‎ и а phe می‎ ЛЫҚА anand hom на е سے رن بی‎ Appt ntt ae Ar Se RO Pie rtr ur 
ee RE ва RE RR DE EU RATE ARM PP ИН Рини EEE a ہیں - سج‎ ЭЭЖ, Ан ج ٭‎ TELS e MP So « одо» эд цэл ТЭЭ Тэлээ. کہ‎ Алым eom a ee ЖЭТ © 
endum ipai mpm p нөр илч ыклалын ы ры AI AER AAA ee ee ee ee ee ГЕ A کک بک‎ ay. LEE EU ће E Y 417 МАСА қа элч УЧИ зе У иу e e Y hs fen ы a i 
A nd y E eee ee eee БО : А ЖА, پا‎ ыда, > نے‎ % Le d LES РО Am LA ВТА ОРН ВР نرہ ور و‎ At AT At fer Vor E E T AS free he o las ming peindre ir. سے ہج‎ 
рерната бча аана a die кетүү E A AR ИН ROA AA Aper e ® маа سی یں‎ * 28.83 р «е ЕУ A ERE و‎ er ene ar eer سج جا‎ o o rd А с дылы 
و و ریہ ی یو موچ تھ رو چو دو رون چ ےمد‎ ED en O E e Үсэг. وس لپک‎ : ka. E А E LEE ai МИ и ои иу чим ee ee ЛЭН 
паљена вајар r e но ТЕ Хи РИЧИ qu» А ا‎ EI تیم ہوم‎ a 27 د‎ vu а "IARE мэтэ Эг ہے ہس ہہ ہار ویںں۔ ہہ ہت‎ CCP a مرف ہروس‎ уче 
ÓN аена арра анн вА террорчи E bee aft age СР Ar Eur ТО ^ ме .. roa n" ۰ = asal 4 ha شس شس رر ریش‎ a A AA AA PORE O te Aar AO 
ч аана AAA NA R E o ae TEA. are A СИ“. Џ Б P4 3 Be ' s IN میں نی‎ Аз #\-» 1: у ала А ы ЫА „ым و۵ ولک مھا جاو۹ت۷ھ ۰ط ھت فوقاعہ ج.۹‎ Ел pP prat VPE A 
ET u аларнын йын Р Айы کے رب کو دب‎ A ы a Lt A A :امھ ریف ہجو‎ AA E erp ы Wi u tn - LL a TA ТЄ A جرد ایخ ےی اپ ہد دی ا یی یں ہر ہی رش لت ینمی اش شی بر رر‎ A O N O эсэн 
A ER En EEE EEE ee AAA n D DEP. PD рајем et ا رر فی‎ tas го”: мн БУЛ شش‎ a گے تید سم د‎ И Зи ЛҮҮЛХЭЭЭГҮҮСЭГЧЭ и 
ee a ee ae AAA Н ЫР А НИМ ЫРМА nn РР РЕА E Каро белй ы e - , a ын А ЈОД МТ ЈЕ PE КА ОСА ПОЈ РОС СЕ a a a У Зи Rer TW rur wu دی کپ‎ 
Eh PAE EEA RE ہبہ نے‎ BEINE. ED U DR ET CE a a وہ‎ ои А Ё kaki . ..9 ean . = b ~ ~“ Цав ٹر ” کے‎ i этэ ہہں دہ رت‎ лт ал ми да ћи рин чи ү р че чыр دہ بد‎ T 
ADA ad ۹ AS ہے ہر رو‎ wc at sedia ае - TE PW > L LX Ч шоо A ҒА ээлжээ AS 
Р е Ts а а У hn PRÉ eh s К анаа наа Д ae AAA 27 са ہر‎ алал, AS uM ш Абы ай ылы ы ыы ыыт, чүл А ИЗГЕ ТТТ ттар uar Ыы = у а а 
AA ARA AD ы ы Н" АГА НИН ИГИГЕ Хон... -/ “uy. malo: = А а” eM er YP © a te ry A ЗАК АЛГа Ачар рр АА Ар» А бийче чү а O O .رید راد‎ 
Eee EEE er rere TE С НУ OD A ee et ee nn سر‎ sea ЦЭС یچ ھی‎ лээ a еы тереч иерар A A s < 
inn mr hr gba gre AAA AAA AAA AA APTA AAA Ue С ےب ای‎ 3 A د‎ 2 e A ES جس ہف ہہ‎ a O A ee re re ar ee aa ee 
AE AER AAA ee ee) OA JE EL АЛАТА ~ обара и и oo ... > к Ее دن ہہ‎ аа йы a e Mlle e А PC чек ес ИЧ а У ~ | 
tree anita Fes ed" rial udo quam eth سے ساب شس مض نوس سے‎ un om Mtn ut ла СД РУКУ Fonte ob قد کف‎ CP Eh me k. KL E PLA Ji d ire 1 سے‎ сам ^ Las А2 МЕ ин ЈИ А ДУ ИРА oos ARA eA. So ON k e ےد 9 ۰< ۹۹۵ جج‎ Po Serie A Qe E et ээл ээн. 
A A ERASE AAA UNE PE REPE CES” ARA ts т - — o > a сн جخید۔‎ E MD Ч IMG EAE LI anh dfi di ںا‎ MPO Er ee ed 
EEE TE ER EEE ыа e л ыы Г р тт rU ERE MER m s Ju i رر شس شر ےت ہے ہہ مد دہ ہہ‎ ИТ ы رر‎ элээсэн ee 
с ае a a n a ти p PPM ИН Ри и И ЧЛ а ма ЈЕ. m ои > w D ЕУ ° 1 O O мыны oo FR e 
SÉ ás en nee Te а лын ی ا ی‎ E a S ELI ~ = * = СИРТ в. انا ہے شی‎ даһа ibu о У УРА M pur. Mr rmn its raq 
A tdi edid a E یس‎ y p papap ae RE TE рае а. u A A AS LE نہیں‎ LIN A М алла ЬЬЬ ао Ьо Бы ы а А» ылы олы И У ымы ү ач Үе рар Р Ару he eth 
ле ЖАПАН P Pm "T ЫЛ M ee T en марта » ^ 5 E نے‎ е Ы A a О H WELL ST этэ. MAS Dp AAA A A Vei Gag y ee 
DE ET ET بی ہیں ہہ یں لی‎ ee ee ee ee ет 122 ور ایم‎ 4 ГҮ "=, ЭС” и = "rr А оф s л сы иа АГ У-У АКГ Ка И-га ар Аа-аа ыа ысы мүлчү" 
ar en re чана н чиа акла баа ыы аа а бы ыы ы ы, аы AAA R s ۹ арайч ۷ L س‎ ES e u ~ TS м ELEME dii E M ود سو و یر ری رر‎ eee er ON a Mr 
 ÍEIk Een ende deed о ГРГУРА o E a e P MEAE, QM ee ہ اچےہ‎ СЭН LM M ни дэг wt می دمب‎ а w. Mm Үл тг” эг ts 2. GE S.3. E EI lahat tia ہہ شس‎ а ЧИ УУ ММТ ТАЛ ee ri ТА 
ee Tate wg en RR вири ој a matted ГЖ ЯЇГЇКС = @. و‎ % .  # « Ы РТУ ~ ул + иу“ ہہ‎ tert rbd b PL АСТЫҚ А ААР TOP ee ee ee O O heut» NC virtu a s” 
ra Pri e L L. T teeta ete ET u TE Te Ре Ур РЈ УДА A e sun RA ATA ЖЕ . ж ЛИ гэг. ' E 9 УР га Чч rau aaa фекере میں جج‎ нн ین دو‎ чр EA A аны 
A TE A A PLN Fa та و‎ = Шоо а i ۷80م‎ T О m A NON RARAS A RA Чичен чи = А Ћи 
ибн aaa a Ер И РЧ УА ИГР ЛИРИ РН" РОТЕ ‘ ы АГ جم‎ - A ہج‎ "Дал ады е алд Қал КЕТ pP ee CERTA AAA is T a 
O S s EEE DEE DE ET NE TEE EA AS Е bs ned š š У 2 .. ` A a بب‎ t Ea i i. ver Oe Ot Oe OO elite ee Ber PER N rn 
о бир их ет diem i atta РАГІ LL E ы ЕО um E ہے‎ A A AAA AS A REY AA O ad. 
= та MET EEE LEE а жа DLR EMO RT A ME MT Et od ЭГ E ess M 1 - <= Lo s б . K... -. ss ul n ЭРЭЭ Бири че ہے ,ا وج ہے د2ہ‎ ٠۸ ےد مد ہو ھ۔- جڑے 6ے ا حھ‎ расно ај ы 
A AAA AAA ИУ РОУ ОРИ У ПР E M E PE .. ریت‎ A ہے+ ی‎ -— -. a i LEX" ms Дд». ЛЭЭ ا‎ ыы ы ыы ЛЫ» ыы ағалы өм Зи У ЗА M iem LAM red ђин 
u dien ed ma ee AAA IAEA AREA AE ү у Ир P 4... s... ee en и d 2 22 € жээ - SI A ES AENA A „у AAA хээ лээн дэ 
A ee Neate at eee ee Pd р el at EEE P A ہی‎ LII E .... . MF Mt نے ! 7 #0 تب‎ ГЭ bre جسیں‎ LI по ~ цал Ээ Ү ۔اوگود جا ۔ ہ ہ۹۹ 19-۰ خوصہ ہے ہہ ےو‎ Re LE EX ے جا ۔جه گا ۵۸ -ک ۷ ج ہے‎ L T u К 
جم جم ھی !موب‎ а Shan a a PPP PPP ھیصر: ےم‎ Ж ~ - TL жи . Run! АЊА ов о tate teh hn ا یں ہیلا ہج دہ و‎ ЕЕЕ аал да А Ар, 
N END с mp سر شر‎ MD A aa рона -- - РГ "У РЕЖИЈИ 4 лов » = . “л ang а . LS ne ' “4.-% A A AAA جے٭ حے‎ A A AAA ee bed 
ہے+اکسجکی جک اکھو:لےاف:امرھوں ے و ٣وہ ”یں "کو ہے ھےں‎ A A AAA AA AAA فرب ھے ق ۰ھ ٭۔ گر 7ء لمدفود : ون‎ АА ee т е N ines d fs .. `. » L А Ал بر‎ КЕТЕ ЗИСК 9ч ПРИ ТЭЭЛээчЭгэээсэээгчэээ pia G aha iyi M وا‎ 
A ut Ba тт E С С P fP s.m s.m... ü 2 Е ы m den ме "i وی‎ - “5, + a Ы = نم‎ ~ + (У Ро ПА A MA У 9 dd A аа ее 
te ES che arp ҒА” LI ۷ б ea be *- I MELLE M ww oe A ыз ند ہیک‎ ds a lira 
A A oo mod oS Mo ots deo mot umo emet ona pa e ےج‎ айг .. ! мал шээг ыы Аа Ы ы Aber کے ہی‎ EP wq Ede аг 
a ы ы лл = түнү RM A A ی ی ا‎ eel eons “A € a >» u ша ` ` € =! .“. o STI E I کر‎ [E кн e P e E wt aM мин ہو‎ 
ee n PPP mange et ma Ow e Ы LL Цас. ыы 74 ан 5 лы ыы а ал» цэгээ A AAA учи rro 
ru еден е e os ы ATE TE AAA НН ү" Л ТИГЕ И-ДИ" P -8 .... LÀ ٠۰ جي‎ С بد ےھ‎ m) Sal am e Den ہز رج رہ تر می یر دی نوج تی‎ M ade EE Mediam 
سی :یھو بد کے کے ےر‎ Го صا‎ ٠ ا53 حھص ےھ مرن ےو جیںکمصحدچھ ہے۔ عہاقد- ۷ء ماس‎ L ×٥ ۶ه ےت ور ھوصر سب ۸گھاگھ‎ ЛАТ ЕТІ E ж-.. .-» ¿UA э РУАН " dns `< ЭГ E - E Шы جج‎ ГІТ Ez: uM UTE VE PERENNEM [Lr Тоо лэ ох. 
EEE REN EEE нд si lax ath tected TT E TE OS NO nn чам өрд, ДЫРЫ. n a i ` ья- > ii 
ne A EEE تھے بے‎ ET TEN PP AR AAA eee ER. ЧЫР ГЭЛЭГ کو رر‎ m сэ 22 Ци” Li o . A AMIA Dre | LEE AA 1 "uo eden А Анды ТҮУ АҚ ааа AAA AA A AAA AA AAA A ndn 
EN A ee ee ee УАТ, ۰ . E .... й ” L ы” РС 4 me Р P URN a СИ УУ КУ | x aL нээ цэ E ҮЭ, нь di ہیوانہ‎ 
A AA En 0488. 8.89 ПИР . 5 2 У E > سے‎ лн "и АВА 5: tara a a боады толы a Ээ х 
سے وص شب ہے‎ т рл аа аа нна а ET nn "D чи" ی هد‎ a} AS ga O ont ~ ... Элгээ x Ы K. یہ‎ a гэ” и У Л i wiwa a Тыт a as А о 
لیت بی ہد یں‎ A E A AA A م سو‎ > AR A NT ө а Ы " • نے‎ E шаал Тан `w. EN A A нү ү чар И БУР" ан ^u 
ns ga a شيپ رز سے ہہ‎ RE EEE pa DER ur Zen . e С مد‎ É * НАС Ћи УК) T ہ5 و‎ ан даа شس وہ ہد شس‎ С رر‎ ТЭГЭЭД 
A a А” РР rn AT At 2 мн نی ہے‎ op. o. - ~» ~ Б ee ee рсе О ЈИ ОУ И ЧИ А УУ ЧИ И ИУ сэ ee 
Беле пити е «еҙ жж- ж?” 2.” 4 ө.е РУТ РРА Шоо et eee ^ L 5 ын bx ын ` s w. и a a Калы ы جا مھ‎ N Eee a aaa 
a ss a DE EEE DIENT I DEI BA N nde EO А У КЛ b гад - A an Sw ane ھ ټ‎ ~ ь = чеч rt O .جا‎ E DEO ERRATIC EPO RR 
а а LE, PP ہے جہ صر سے ہے ہے٭. مب ھے سے ہے حم سے سے سے ہے‎ aute ت 2 5 ھہے۔ ىے وف صحے ع حب ~~ اص می‎ Ч => - o ы E ми . « a. A Re ود ےی ےج‎ У чеч ewe E . +w dado ×دء۔‎ 
ај A AA ATRAPAR EA AAA TNA EN 9. 4.24 "^ + ` ` ы Є اہ ہے‎ he mt t заЉења war tam, ta - -. У wiqi ыы ды аһ хэнч ЗІН ue دہ یت‎ s a 
A AAA TE AS ر‎ ЦЭ О 2 Di ۰ ми" чәл, э sA Но" А) رہ یں رجح کی .. رد‎ wa ағ reser AA AA A AA A е 
E РІ та ил“. Фе э» سب‎ 2 ` D ER ч سك‎ "о ~ م„‎ 00% ЫЫ че оф јаме и о а о а EL 3 rie ЕР” 
A AAA |М_-гррРР_ __„“ гррг “| н тур. Ре ~ c. w ee Ar ورڈ ز رص ےز'‎ 2. LII ғ E a - 7 ы О Ы Ы. nds ^ e ~ ~ “u А ы ` - لہ‎ бе У о а о офа заћи а یہ ج رجہ کک‎ EE A E MPH ыла 
ннн н ааа н аеннан а — amar OK died A aule ص۔‎ au А + Ы Pos P “f LI ОР) E P в . نین‎ Ы ..... DAN K л м. Zum an 2 muy Lodi HE WE цэц мэл Чы 
Ди и En RT дім А تب 0 ےھ‎ PPP PP PS 4 ы ы ` we e ч Buttes u E ы» ~ PS a LEO ve руде у роби нир арга ے3‎ erts hates rr utes am Run Cons ће 
en EN DE En DET ne чих аА КЫ ы е М “mt М а s + ad Б Ы" ЬЯ `. at... хэ. ینہ تبیہ کت‎ элээсэн 
O TEE ES a ee E EET E " 2 mi De Le, -.. مدب ہے‎ hd ` Pero y n .. IM NM И У ما‎ re A a a o eye a a a e AAA q a 2۷ 
A A AAA A ee ee Eh -5 248 2 2. О sn * دم‎ * . ча Mx. 1 TD a чү" نب‎ АЛСАМ» q qq POT t. dE ић 
LL ہے ہج‎ ДКА А Че“ _ с“ MM PE DEN PI RA AA A ص‎ ^. pu ГД ГЭ) بب‎ > » .. Ы . 39. к ж مەه‎ ^ Ы . ^ > М ` L . кал ТО шал" (И SA A A E] 
A AAA РА mmm) Ла 37-02 а а 2 а P'a 1. LL хэ . =» be а яи а. sk * ^" * LI = LE dun о A + id e pu QAM PEOR NM УУ" 
mieten een ca len Retell A AAA AAA 1, "РЕ" "ГРЕГ А У ТУР „°з ` -. - РОМ) ` Мы ды L ЖА 3 Ы ~ bs - Ы MU صر‎ Жы РЫ دہ‎ wd ہہ‎ » мг hae m L о на ~ ~ pour Papa pa a ar сэг 
he TEE کے‎ нан کے‎ _ fa. ы el nh the at a E PP AAA ee PEE — зе” . e ` sn. = - ы Жы м ina Б 2-4 AR AL d LL \ * =.“ > ~. .т..... [D ME dM U.C РУ" ҮЗЕ 
te RE EEE DA re a Pao era ә mr e ہے =" سے‎ en 2 نے‎ E р P * و سے‎ айы E ` ы * "e m ^۸ 2 . Ы ~ И M NEP" Smp VV TX E LX У LE ےت‎ 
RR AAA AAA AA e ہک 7ھ یف جب‎ E -. نے جح موک‎ .. E 5 М < E 4 Qm БА У ВОДУ на ےہ کچ ند بد ےہ‎ a VQ Qu. Ч чс 
ia k iL. ET PPP, PP .. en E - - PT P Е АТ РЭ М + ~ EN `, РАЧЕ И У У 5 - ` Ира ern ee ары еи = ER UM У 
A а Баг P А m Td А - e ہہت‎ о > سے‎ Ы سے۔‎ пч ~ ~ > > — - Wo do ho. А У ТЕ У О ОЗЕ eee 
a a n WR LI K LL bns d T ET ED P eee) - = - PII ese © з LI > Б - `. ^ .. 2 LPS = „м = ер Se mete A سس‎ M We a pour ананын P we 
RE کہ کے ہے‎ all о „АГ ЭШЕТ АН УУ Р УЕНЫ НЫР РЫ КН” ЗУ К ЧИНГЕ ЧИШ” С LI 2 E ы = aoe s he = ` ہہ کے دج دہ دہ نے جو نت‎ idle he 
оннан о ہے ہے ہے ہے أے بک سوہ ج کہ کہ ھے۔‎ NA у ЋАО РУКЕ РА ES LIST © ` mi tor б ` ےہ‎ . М = х - ee nd منہج‎ | ner.» m. < эз з ~“ o EE T » dde 
A he LL ath et en AAA ⁄. h... .. EI APA] — о -. -2 = чё e Dynama t L ` a њ ь Зах LL چا اس ا جات رک کا ہا رہ ہر ہا رک رر جج رج ہرد دج‎ "5. dde 
rer „б LP. nce по UW. T al г2иг» گا‎ AS > dro е9 <“ - айл Ын * Б ^"^ me ~ ~ A ... . em یی‎ D cap Mare دہ مھ کے ہے‎ АНМЕН О ee Ды 
МР ЗА а МН ы A ГР” ГЭ 22220220 on Ls ea а y ` ` ud ای‎ RE 4 N, ә .. A AE ARE EE ae 
ИРА и = и с Жел ее ЄТ A AA AA AAA AAA L dad PT m La b=. a ` + - ü ССР“ ; ee — 2 ku ... A AAA + bs rs ~ ~ ~ ~ 0 `. - A A SAA Ll ے٭ ہی ہے ہت- -ے۔‎ -ғ. У А یی‎ ЭРТ" 
тэгээ. эр ээ ee ee ТТ م مہ‎ "m .. БЭР" "I T رک‎ зеље. а .. a . M uw m! =o LE CL LL AP X ii 55 
U аф вон. PEE ul aiiud ар 0 о 40 аР АР "> РТА. ТЕ ГА ЈА төр» ` > ARI У У СЈАЈ ДИН wa т) ~ мба, v ы مب سے‎ ^ т.” لیج‎ e - H ` ч “%.. ` RE ena dr dr AAA PA 
PE X 25 rd T ru P سک ہے‎ MT T مرہدوم‎ P P m Dr ЛИ. 2 "и" У. + 2. ae О f ава. 2 ~ ~ ~ > ыг w, s naê мг er А ЗАЧИН ЗОЈА УУ ЧИ А А ОУ А ДУ a hätten 
te nt te TE rn un an РГ КУ. КА برےحب ي‎ P Хэ ы М n “~ Ы . > "^. 9 ` 23 ae рға T AT ` K apa pp a үрчү ее т YY PA L А ја ни 
СР ИДР РУТЕРА ИРИНУ - "mm "IL و‎ E سي‎ 5 e Ы E а Ы ai Š ы ns ` KR A Lum v WP A „~ а де ће у а ®„ Ээ ал a 
AAA ee Pro” o ““... „Л ТА. Lll 7 7  ъ عم‎ t n ы - E ы ہج ھ ف > ~ . . بچے‎ АРСО S АЧ ” ے٭۔ہیم ھ‎ Фә ә аә. 2 гэ. Быны 
"pn ТУТА ЗРО ee ee u ЧЕ! = ہے"‎ Т ЖЕЧИ Чүү" .. = = - LET = ^um “ М е ` * `. ` + a ы О y. Mu ЉЕТИ У У УЧЕ РРА И РАДИ ст ЛЭЭ эээ ү. 
nee il иог 11112211111214УСпЛ2 EN AAA = оцене © тай ан “. - << аи d. dii Ы = = ы > “e Li ~ NA ` "nm 25 u E И СТ ~ ~ УУ . эл. =® p ҮК кү үер е رر ہج ہر جج‎ ta ai на 
RA id ے‎ Теке” 0. 1 о В о алаа 0 ор цә ар «б, 00 в аш ШР ~ Ll سے‎ eo mtm "E а m са =, > • E ah . 2 m m. - ДУ ИУ РАНЕ У LIN oe ای نی ار کی ہا ہرک 29 بب‎ сг? 
A ee ee ee) ا حا ا ا‎ Гү Гү eof we CER E ETT "^ --. 2 ~ Ч + 2 E ۰ б “. ra EE РН -A ھ ہے‎ КЕТТЕР СЫМЫ» ہےیدہ جرد رج ںوج ہج سج دج‎ 
> nao кыч Ж ла E A УУ КИНИН" ہم سے ی کوٹھس یھ‎ Ка ГЭР LL سے‎ ж om PL .ж- - Ф Аа . ho •. al بج‎ Ингэ” ھے+ہ۔؟ جح ہجےےم+ .ث و ہیدہ ہہ‎ e а de А 
P POM ЭХЛЭЛ Л PE" "- صم‎ "mmis тт ca "P u. سے‎ . - e ` ` - - ь E ~ ча ua LT N a afi. rw У ЧИ“ О ЧИ IRI И ےر‎ 
m CT P алуы с rem naw « A a - 9 ےم‎ Z ЛИСТИ .. = za M d Apr = ` ~ о у 2 = ын ЕЕС ть EE e ЧЧ" Mas sa ы ` = 
Ф = аа А Е ааа на Кы [ETT ںو‎ .... > т es ний e ~ . ~ BE Ын : - + (У ےه کے‎ жээ LN Ecl x © = ыа" 
S DP Wr па e. پر ہے‎ ME р ә Рома + ЭГ هھ‎ ч... - Pet Pare - a JF م‎ 4 wt ee Lon sn + ~ ч Lu a 2 ч . LX мэ E N We binas ХҮЛЖ хаг B ہب‎ to De 
E b eld Жи ЛЭ” гс ` = m ШУТ Л ӨЛҮК Л КК; LI Гк ЖОЕЛ Tata ч С = . » ماپ مھ ھ -۔ ج‎ E "e Е “< "ч - Бэл پ ب5 و‎ = мат гэ” مہ‎ - Ow. 9 > ` © маг D 
u نب سے نوف‎ hcl b^ Rom" mm Pd -.. A ہے ھ کو سر‎ ғ.” L3 ` Ы م‎ 4 ` <. ... . ` БЖ: | = ы مج ے٭‎ инээ رہ ہبہ‎ У мм хээгээ тэ mn СИТ 
т У. РИК РТ: Lm “У عر‎ - LP ص‎ Ы =з .. - ГИШИ Т ИИИ" на 2 .л ље = P y] "TI a г ` LIT "e to сг ` x x ЭРЧ ач е а УК ml Ne ee ЖАГУ AS ЫЕ Й 
i e E A A РАСЕ + =» гэ. wo ay эм» % , LI te E ۰ = 3 М чи” Ar ы ма ¢ * €. LN I %e * ы 5 E p" ` * * tu ... ГЧ s e мг” x “= 
AA ^- - РЭГ" Lnd кала. TTE - - P „4 э وام ر‎ E " ғ “ - hd A om . B n Ы ^m .. T * جج‎ i LI w w... м P “ha AS ~ —— € LES + аА a. team el. جح ہک‎ 
СЕТЕ rn E سر ہے سے ٭‎ сэн - < тэ РЕ P" rd > . ы L, ы ч а ae ` - - ۹ » ~ ` Ds ` ® & © ee ЕЦ ЈУ У ~ p» a 
Ld PU A a а "abet dh HEP Pl I ЖАЛҒА Ж.Ғ. Ld - 2 ~ е `. ‚= E . .. 2 to « + ` ~ . 27 کی‎ - ч - ~ ~ LE A a» e me ~ ка 4 مہ ہہ‎ heat bh 3 E a 
та да, ellen = LI SEM ee A - = үтүр س‎ 1 А - 2 ہاب‎ ras & ы ын Ld ын u. А = دہ‎ ~ ` .. E ` >» «¬ t€ ~ ےہ گے‎ E зо эь ““ а 
wow ae ымыы a - мэ ы d - — әде LI کر‎ - Ls ` - ы ` Ы - = k اک‎ ы > . Б Ч т. 4 ч .4 Мел > ~ wd ы ` Len d A - مک‎ m. w 
мэ үг To A ~. P" 5 ص وعم‎ ` . e ^ u ы > ~ ыы we ~ ы - - جح‎ M ~ -– ~ 9 ^ S m ма E ` چہ‎ w e alw «e 
A "IP ҮН I mu = o» اس سے‎ - - > y PII --” - Ж ^ Ы ` = ы Ы * ` + -. ~ hs ж ~ Заа 1 1 885 2-3 «олж 5 е =. 9E 
ХЭЭ ars a ed p > Pasas " „= <= - سے ب‎ -9» = ы Ы ` a ХЭЭ LI . гч гээч ~ w * e. PL v ~ ~ a 
en RAI I2 M rl L.L uo um AAA У ed - л “ ` ۰ Гэ ~ `. б М be نگ - اد‎ * 2 D es ۃ میں‎ m nu. A ~ m —u-.. PE ы XN NIE Бе ~ - 2 -.. 
Ра У o Vara PCIE CT I un uf wt سر‎ т М ~ e کہ‎ = e ын. % зала ы а» T ~ ~ СУМУ دو‎ LIE SM æ ~ » ` ho m1 ma?” out m 
LI РХ sud Pi > o AAA EAT AA a ГЭРТ ~ РЕЈ ^ “® - bd ы - a ` ~ 1 5 4-5. d "A ”Э” ҮР Ku aa د‎ - Ф. -. ~ ~~ E Da + aaraa . .. 
мэ" - cw a U^ eB erafa um. - Ж ` MD AA БУРЕ "d РА P" л - 2 . LI .n ~ ">" ` ` ۰ . 2 LI ws " ` Си Зиг o. Awa ® LEON MEE X _٭‎ ER СУ AI LJ NE LO 
L ыш А РФТЭЭГЛ ЭГ ГЭГЭЭ”? ЛЭГ, "ТЭГ, > . =e Ы ы a ы ч мы ы s hn . gem ...... E re РЕТ” ~. ru nn ` a æ 
e o ےی‎ osa m ——  — EL .. D " + Б РЈ • ы لیج‎ ~ ` nu و‎ s ы د که ~ ` لد‎ -~ . E < ы. е Кил "У мэ ہہ‎ 
- Кае И АИИ PP سے ضر اسر‎ r = " А c .. P е ы ? * 4 k ын ^ ox at T P M E Гэ PILIS ha . A 
m ЕР" JE were ہے س‎ e P Р” Ы » ы e te Ы - “< А ` - ù - эгч - bi > м җыл» ILE "s 
- - . ہے‎ С = Ў “"_ = - “....-..» > „~ = > ےہ‎ - ч LJ LE S ~ - "e тээ А - РЕ to ЕСЕ ~ ee 
E e ee 5 س رہ‎ -— o sn РЈ s 2) کے‎ ғ ы ` Ы - = гч ~ L 1 Зь E کیک‎ um var m .. 
e a Fæ a dat Pa МЭ -. "IP E . ж- б га 2 - . d . е 2 ee > ` илгээ = ۲ = سم کے‎ w мм. >» a^a a 
“Ç РГ ТИТУ arma Poors а eae . . A Ы rà = چپ‎ ` * ы Pm ... мэ" ГРЧ ИРА УУ ` э, ^. Pp a, a A А 
re s L LJ Ml T. » ce... >=». - E oo wa ы ° ` ` < А 7 ` E E РЕ ` - D А Fa ғ. a. en می‎ 
emg ers Eg pg سس‎ - РДРГ У оч? = . M - L =... . = د‎ е Ы یہ‎ + ES ~~ mane цэгт" “- a ms > ےج مہ جک ے ہد دا‎ 
— a. f. ... a = .- Р № "T P „ч - P oe Ён = ~ Lu "ES ~ M m u ч эче w a% a 
> «m, Вана зе ~ M Р ~ = a - ~ ` - a یہ ۔‎ LI m сн. w. тн гэ ےد‎ OP LE 
E — -—- Sm - ~ СЕСИЛ s Га - Ld - s= ` ^ ~ - > ~ = 
-.... Won - "т ~ P - oa . - - Р 2 Ld سے‎ . РИМ > . ~ ч... ~ E - ЦЭЛГЭР” гч P та P 
.. тее о - же ы - EI - Pp А e 2 24 پان‎ va ~ == u u ۴ی‎ ТЭ ` 
«La =» СР РТ a == ےےً ھی صت‎ ьа " NP ғ А А ” е “ ~ - “e won . ` ` ح .م۔ سے‎ mnn ws 0 Kc n 0 e ч 
` = т А a . т - Р; " > ۰ . маг эг = Ы L LEN d 2 А سے ےہ‎ 
. te à - E е » б x "- ~ un < СИ У ۶ 1 ЕЕ بب‎ TS 
Се О P B ^ ۰ “ “ * = РЕС ~ ` e" ^ 4 - 
.. - - -_ за 7 23 а ы ы ` ` = `w - - -ь a ma» ho =~ bs و کرد کہ‎ = 
۰ = = а .- PET + чат + E БЕ гч > wi шу “~ T ~ - "` уч 
P = P - - ہے‎ са - - ` ۰ ú - ж ЫГ" ` a. "LU о о ба e ne . e 
2ھ‎ -9 .- er. ы - НА Pd Ы ы ~ = т- 4. ~ LS PE] 
n d سے‎ М ` بے‎ ы = EE ` a ` x PLI ` 
e Om = • LI "122 . e Эн рч 


2: 62776 43 ны 


7, бе») spe CR 
REY, TI. la Ба» 











اي 


; DEPARTMENT OF OCEAN ENGINEERING 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 02139 


< — í 


| EARTHQUAKE RESISTANT SUBMARINE DRYDOCK BLOCK 
SYSTEM DESIGN 


by 


LIEUTENANT JAMES KENNETH LUCHS, Jr. USN 


COURSE XITI À MAY 1988 








t ecaa 208 








EARTHQUAKE RESISTANT SUBMARINE DRYDOCK BLOCK SYSTEM DESIGN 


by 
LIEUTENANT JAMES KENNETH LUCHS, Jr. U.S. NAVY 


B.S. Hechanical Engineering 
Cornell University (1979) 


SUBMITTED TO THE DEPARTMENT OF OCEAN ENGINEERING 
IN PARTIAL FULFILLMENT OF THE REQUIREHMENTS 
FOR THE DEGREES OF 


NAVAL ENGINEER 
and 
MASTER OF SCIENCE IN MECHANICAL ENGINEERING 
at the 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


May 1988 
(с) James Kenneth Luchs, Jr., 1988 
The author hereby grants to M.I.T. and the United States 


Government and its agencies permission to reproduce and to 
distribute copies of this thesis document in whole or in part. 








EARTHQUAKE RESISTANT SUBMARINE DRYDOCK BLOCK SYSTEM DESIGN 


by 
LIEUTENANT JAMES KENNETH LUCHS, Jr. U.S. NAVY 


Submitted to the Department of Ocean Engineering in partial 
fulfillment of the requirements for the degrees of Naval 
Engineer and Master of Science in Mechanical Engineering 


ABSTRACT 


A three degree of freedom submarine drydock blocking 
system computer aided design package is developed. 
Differential equations of motion are developed to take into 
account high blocking systems. wale shores, and side block cap 
angles. The computer program is verified by a case study 
involving the earthquake sliding failure of the USS Leahy (CG- 
16). A parametric study is conducted to determine the effects 
of wale shores, isolators, and block stiffness and geometry 
variations on system survivability. The effects of using 
earthquake acceleration t ime histories with differing 
frequency spectrums on system Survivability is studied. 


None of eleven submarine drydock blocking systems studied 
survive to dry dock failure (0.26 g's) or even meet the Navy's 
current 0.24 survival requirement. This shows that current 
U.S. Navy submarine drydock blocking systems are inadequate to 
Survive expected earthquakes. Two design solutions are found 
that meet the dry dock failure requirements. The low 
stiffness solution uses dynamic isolators and rubber caps, and 
the high stiffness solution uses wale shores and rubber caps. 
The wale shore solution virtually prevents the submarine from 
moving horizontally relative to the dock floor. The isolator 
solution allows relatively large horizontal displacements to 
occur. Using the wale shore Solution, the submarine 
experiences forces which are an order of magnitude higher than 
those seen by the isolator solution. 


Both of the design solutions can be constructed; however, 
there are cost and production interference concerns. 
Considering the almost certain occurrence Of a major 
earthquake in the proximity of a U.S. Naval shipyard where 
submarines can be drydocked within the next 20 years, the 
expeditious incorporation of one of these design solutions 
into U.S. Navy drydocking standards is strongly recommended. 
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CHAPTER 1 
INTRODUCTION 


1.0 Description of Earthquake Threat to Submarine Drydock 
٦۰۱۷۰۷ 5ي‎ 


U.S. Naval shipyards where submarines are drydocked are 
٣۰٠٠٠٠ sme regions Of the United States where significant 
earthquakes are known to occur. These earthquakes produce 
tremendous forces and ground displacements which seriously 
threaten the safety of drydocked submarines. They usually 
По лоше апу warning. and there is presently no reliable 
нан ed ICING their occurrence, Therefore, submarine 
drydock blocking systems must be designed to resist expected 


earthquake excitation. 


HeDUBuENe9 described in detail both the “nature of the 
seismic reat To 5۶0 10502717168" ٦8 РРА О о Naval 
Shipyards, and the drydock blocking systems currently in use 
there. ваа о асск ate these Shipyards are currently 
designed to withstand earthquake accelerations up to 0.26 g's. 
Previous. fesearch by Sigman [2] and Karr 131 using linear 
elastic material three degree of freedom models showed that 
Submarine drydock blocking systems would fail due to Side 
Doere tOr at T accelerations significantly lower than the 


0.2 q level required by current Navy drydocking standards (4]. 


125 





Hepburn's [1] thesis confirmed these results using a 
bilinear material model for wood which more closely represents 
its actual behavior. Using this bilinear wood model, it was 
determined that the submarine drydock blocking systems would 
fail by side block liftoff at even lower accelerations. 
Clearly current U.S. Navy submarine drydock blocking systems 


are inadequate to meet the earthquake threat. 


1.1 Summary of Bilinear Material Results 


Natural rubber and dynamic isolators were analyzed by 
Hepburn (11 using bilinear models to determine their potential 
for increasing system survivability. The rubber was used as a 
substitute for the Douglas fir soft cap, and the dynamic 
isolators were used asa Substitute for the oak (hard wood) 
layer of the blocking systems. It was determined that 
Significant increases in survivability occur when rubber and 
dynamic isolators are incorporated in the blocking systems. 
Rubber caps and isolators either singly or in combination are 
very attractive potential solutions to the submarine drydock 


blocking systems' survivability problem. 


This thesis uses the three degree of freedom analysis 
model previously developed by Sigman £23 and Karr L[3J with the 
bilinear material models developed by Hepburn 114 to design 


earthquake resistant submarine drydock blocking systems. The 
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use of natural rubber, dynamic isolators, wale shores, 


blocking system stiffness, and geometry variations is studied. 


1.2 Thesis Outline 


Chapter 2 describes improvements made to the three degree 
of freedom computer program (3DOFRUB) developed jointly by 
Luchs and Hepburn. The development of a computer aided design 
package using this program as the core is described. 
Significant modifications include the use of horizontal and 
vertical accelerations input and force and displacement output 


Files, and development of miscellaneous Support programs. 


Chapter 3 describes the changes made in the equations of 
motion to include the effects of cap angle and side block 
height. This chapter also describes the effect of adding wale 
shores to the blocking system. In addition, the side block 


wedge effect on the Sliding failure mode is developed. 


The earthquake effects on the USS Leahy (CG-16) drydock 
blocking system at Long Beach Naval Shipyard is described ina 
case study in chapter ¢. The results of this study are used 
as a verification of the three degree of freedom drydock 
blocking system model and computer program. In chapter 5, a 
Parametric study on the effect of wale shores, dynamic 
isolators, and stiffness and block geometry variations is 


conducted, 
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The site specific earthquake effects on drydock blocking 
system designs 1s analyzed in chapter 6. A low stiffness 
ПЕШІ С ізоіЗсог based drydock blocking design is developed in 
chapter 7. МУНА Ши Ши Chapter & а high Stiffness wale 
shore based drydock blocking design is developed. Finally. a 
comparison of results, conclusions, and recommendations for 


further study is included in chapter 9. 


16 





CHAPTER 2 


DEVELOPMENT OF THE THREE DEGREE OF FREEDOM EARTHQUAKE 
RESISTANT DRYDOCK BLOCKING DESIGN PACKAGE 


2.0 Three Degree of Freedom Computer Program Background 


The computer program used to analyze the submarine 
сок ріосскіпа systems in this thesis was developed jointly 
With Hepburn [1] and is based оп the program developed by 
Sigman (22. Many significant modifications are made to 
Sigman's program and several support programs are written to 
improve the usefulness of this program as a design tool. The 
two subroutines developed to model bilinear material 
properties, "BILINALL" and "RUBBER", are described in detail 


by Hepburn (il. 


The significant modifications made in this thesis include 
me jj (ion of, horizontal and vertical acceleration inputs, 
force and displacement outputs, and changes to the equations 
ӘР (әййісп (ТО include more complex geometry. The geometry 
changes took into account the effects of side block height, 
cap angle. and the inclusion of wale shores. Ina addition, the 
side block wedge effect on the sliding failure mode IS 


meluded in the program. 
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The main program,  "3DOFRUB", inputs submarine drydock 
blocking system parameters then calculates the system's modal 
masses, stiffnesses, damping coefficients, and natural 
frequencies. The horizontal acceleration time history (and 
vertical if applicable) are input using the “ACCLINPT" 
subroutine. The main loop of the program solves the equations 
of motion using the Fourth Order Runga-Kutta numerical method. 
The blocking material stiffnesses are recalculated each time 
step using the appropriate subroutines. At each time step, 
keel and side block forces are calculated, and the system is 


tested for failure. 


The program begins by using 100 percent of the amplitude 
of the input acceleration time history. It carries out 
repeated loops through the whole history each time decreasing 
the input acceleration. This continues until the system 
survives a complete loop through the time history. Force and 


displacement data files as chosen by the user are created 


using subroutine  "RESPALL" for use in plotting system 
response. The main program, "SDOFRUB", and all four 
Subroutine listings are included in Appendix 1. A sample 


input data file and output file are also included in this 


appendix. 
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2.1 Horizontal and Vertical Acceleration Input 


Sigman'S program only allowed the input of horizontal 
earthquake ececer eration time histories. Vertical 
accelerations are input to the program by multiplying the 
horizontal accelerations Бу a selected constant. The 
resulting vertical acceleration is, therefore, identical in 
wave form with the horizontal acceleration which is not always 
the case for actual earthquakes. A better way of handling 
vertical accelerations iS to use actual vertical acceleration 
time histories, The “АССЬЇМРТ" subroutine allows both 
horizontal and vertical acceleration time histories to be read 


independently. 


The "ACCLINPT" subroutine asks the user for the 
horizontal acceleration file name and then reads the data into 
an array. The user is then asked if a vertical acceleration 
flle will be used. Tf the user chooses to use one, its data 
is read into a different array. If the user declines to use 4 
vertical acceleration file. the user is asked to provide the 
vertical to horizontal acceleration ratio. Each horizontal 
acceleration data point is then multiplied by this ratio to 


create a vertical acceleration data array. 


The subroutine then checks to make sure that if 


horizontal and vertical acceleration inputs are used, both the 


inputs are from the same earthquake with the same time step. 
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Finally, N"ACCLINPT" provides the main program, "3DOFRUB", with 
the earthquake name, the horizontal and vertical earthquake 


component names, and the acceleration time step used. 


2.2 Force and Displacement Output 


In order to display the response of the three degree of 
freedom system, it is essential to create force and 
displacement output data files. Sigman's [2] computer program 
included a computer operating system dependent plotting 
routine. In order to develop a useful and easily portable 
software package, force and displacement response data is 
output in ASCII files. This allows the user the option of 
using a wide variety of plotting programs to display the 
response data. The main program can then be run on any 
system, including personal computers, that has a FORTRAN 


compiler. 


The main program, "3DOFRUB", asks the user if response 
and displacement output files are desired. If these files are 
desired, the user can chose which of five force components 
should be output. These force components are (1) keel 
horizontal force, (2) side block horizontal force, (3) left 
side block vertical force, (4) right side block vertical 


force, and (S) keel block vertical force. 
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The main program calculates the appropriate force and 
displacements. The program selects the correct displacements 
corresponding to the chosen force then captures them in 
arrays. FOr example; if left Side block verticals, Force 1s 
selected, the displacement, YPRIME, is captured. YPRIME 
includes the vertical displacement of the keel, rotation about 
the Keel times the lever arm to the left side block, and the 


Static deflection of the side block due to submarine weight. 


"RESPALL" is the subroutine which creates force and 
displacement output files. This subroutine asks the user for 
X displacement, y displacement, rotation, and force output 
file names. It then writes the force and displacement arrays 
captured by the main program to these files, The program only 
creates output data files for an earthquake magnitude that the 
system survives (where no failures occur), These output files 
are formatted such that they are directly usable by LOTUS 123 


and other graphics programs. 


2.3 Development of Miscellaneous Support Programs 

Several Support programs are developed to produce 
acceleration time history data files usable by "3DOFRUB". The 
first program. "V2READS", based on a program provided by Lew 
1988 E57, creates three separate single column format 
acceleration data files. The input for this FORTRAN program 


is the standard format magnetic media data file containing 
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three complete earthquake records each provided by the 


National Geophysical Data Center, Boulder, Colorado (61. 


The second program, "ACCELMOD", modifies an acceleration 
data file in single column format by adding a new data point 
found by linear interpolation between each original data 
point. This is necessary in some cases (e.g. the 1 October 
1987 Whittier, California earthquake) to improve the accuracy 
or the numerical computational scheme. ame Whittier 
earthquake was recorded with a 0.02 second time step. The 
"SDOFRUB" program produces the best results if the time step 


is 0.01 seconds or less. 


The third computer program, "DATINNEW", written in BASIC 
inputs acceleration data from ASCII data files in either 
Single or multiple column format and modifies it in several 
ways. Wa CoqQesireq the program "adds character string 
a s TITS three lines ot the output data flle. 
These labels are the name of the earthquake, the acceleration 
component name, and the acceleration time step. These labels 
are required in order for the output file to be used directly 


Dy Mee DOEKUB”. 


"DATINNEW" allows the user to produce an output data file 
of any length up to the maximum number of entries in the input 
data file. The program also allows the user to multiply each 


data point by a desired constant to produce earthquake time 
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histories of varying magnitudes. The program gives the User 
me Option of having the output data file be in units of 
inches per second squared or centimeters per second squared. 
"SDOFRUB" requires centimeters per second squared data input. 
"DATINNEW" removes gaps in data files produced by programs 
enchn ses LOTUS 123. The output of the program is an ASCII data 


бе іп single column format. 


Another BASIC program, "MAKERUB", is developed to create 
= шет те and Blocking system data input files for "SDOFRUB'. 
This program is written based on a BASIC program written by 
Бас (19867 (77. MAS "Computer program allows the user to 
prepare new data files or modify existing data files. The 
ss 15 Labeled in detail and identifies all submarine and 
ESSI system data input file entries including their units 
as used by “SDOFRUB". The program is versatile in that data 


files can be moved, recalled, and modified quickly and easily. 


VE AKERUB © Daompts the user for Teach date. entry. шу 
description, units, and variable name. The program then 
Saeatese date files in the exact format required by "3SDOERUB" 
without the user having to adjust anything. One important 
feature of this program is that it labels the data files with 
identifying information so when the data files are displayed 
the user can see all pertinent information as text. The four 
programs described in this section are included in Appendix 


220. 
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CHAPTER? 


GEOMETRICAL IMPROVEMENTS TO THE THREE DEGREE OF FREEDOM MODEL 
AND COMPUTER PROGRAM 


3.0 Geometrical Improvements to the Three Degree of Freedor 


nn m m nn سے مصدہ ہ+ ا‎ MM + + — una mm ann m - —— — — تمن نے‎ < e > > سس یہ سے مس‎ С = -- 
а - хэ مو‎ e e 


Equations of Motion 








THe three degree Of freedom model of the submarine 
drydock blocking system at rest as developed by Sigman (1986) 
(2) and used by Hepburn [1J is the system used as a baseline 
Ger BUS thesis, Figure (3.1) is a two dimensional 
representation of the submarine and dry dock with the keel and 
side block piers modeled as horizontal and vertical springs 


and dashpots. 


This figure differs from Sigman's model in several 
respects. First, wale shores, modeled as horizontal springs 
and dashpots, at adistance AAA from the keel are added. 
Second, the height of the side blocks above the keel baseline 
and the resulting angle alpha between the baseline and a line 
through the keel and side block point of contact is shown and 


taken into account in the equations of motion. 


The point CGl is the initial location of the center of 
gravity of the submarine. The point K is the initial location 
of the keel of the submarine. The point RK", insert figure 
(3.2), is the location of the keel after horizontal and 
vertical translation has occurred. Rotation occurs about this 


Point. KG is the distance from the keel to the center of 
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gravity. The distance br is the transverse distance between 
the center of the caps of the port and starboard side blocks. 
The horizontal, vertical, and wale shore spring constants are 


aomacos ignated in the figure. 


The system is excited by horizontal and vertical dry dock 
accelerations Xo and Yo respectively. The entire dry "dock and 
submarine system moves relative to a fixed reference frame. 
The excited system is shown in figure (3.2). The system of 
equations are expressed interms of motion of the submarine 


relative to the dry dock. 


Me point CG2 in figure (3.2) is the location of the 
center of gravity of the submarine relative to the fixed 
reference frame after horizontal displacement u and vertical 
displacement v. The point CG3 is the location of the 
submarine's center of gravity after the additional absolute 
rotation theta. The insert at the bottom of figure (3.2) is a 
close up of the keel area of the submarine during this motion. 


The displacements illustrated are described as follows: 


The relative norizontal displacement coordinate x is the 
displacement of the submarine keel with respect to the dry 
dock. The displacement u is the position of the keel relative 
to the fixed reference frame. Witn =oround motion x. "the 


following equations hold: 
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Q = ТИХЕ 
U = X + Xo کیک‎ 
Similarly fOr vertical translation the following 


equations hold: 


y = V = y 
Vs y Уа 
у = y зу. (3,2) 


The coupled non-linear three degree of freedom equations 


describing the system motion as developed by Sigman are as 


follows: 
MX + HKG@ + Сох + C..9 + (2khs+khk)x = -MX. (3.3) 
MY + C_y + (2kvS+kvk)y = -MYy, (3.4) 


1,9 + MKGxX - MKOy8 + CL8 + C..x + [(br*/2)kvs 
-WKGJe - -Mkóx, (3.5) 
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۶۰۶٦0۹۲1603 3.3 through 3.5, М is the mass of the 
submarine, Ik is the rotational moment of the Submarine about 


the keel, and W is the weight of the submarine. 


Sigman's analysis assumed that the height of the keel 
blocks was the same as the height of the side blocks. 
Therefore, the lever arm from the keel to the side block hull 
emmy Of Contact is br/2. Taking the actual height of the 
Side block into account gives the following expression for 


this lever arm: 


EMEN (Ntsiae—ntkeel)= + (br/2)#)472 (3.6) 


The angle alpha is then: 


о. - SIN7* ((htside-htkeel)/LLL) (3.7) 


Figure (3,3) ES an 71 1lJustzsaTiom of ThE T additional 
cand chorizonta!l displacements of the side block cap 
nnnc c:croration theta (68) of the submarine about the keel. 
K s егт ат the bottom of figure (3.3) is a close-up of the 
еше, вІоск сар geometry during submarine rotation. Assuming 
s бато те rotation, the displacement оғ the cap due to 
rotation is Le. The vertical component of LƏ iS R. The 
۲۰۰٠۰٠٠-٦٦۹٦ component is Z. L in the figure is the same as LLL 


in 691063۲1615 (3.6). 
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The expression for R is developed as follows: 


R = an, ) (2223) 
SINC HP) = (BU + R)/L (3.9a) 
For small angles of rotation: 
SIN( 2 ) = (BU)/L (3.9b) 
BU = htside-htkeel (3.10) 
From figure (3.3): 
7 90 + Ø = 180 (3.11) 
E o0 - 2 (3.12) 
Combining with equation (3.9b) gives: 
p 90 - SIN-' (BU/L) (3.13) 
Using a trigonometric identity gives: 
SIN( 1 = 295 (214 СЕП?) (3.14) 
Substituting in equation (3.7) gives: 
SIN ( 1 y= COS( X 2 (522152 
Therefore: 
R = L9@*COS ( < ) COSTS) 
In the case where BU = 0 (Side block height = keel block 
height) as was the case in Sigman's analysis equation (3.16) 
reduces to: 
R = LO (3.17) 
IN TRIS case L = br/2 and therefore: 


R = (рг/2)ХӨ (3.18) 


2! 





Similarly: 


2 


)3.19( ) 7ئ 


2 LOXSIN(Sx ) (3.20) 
In the case where BU = O and L = br/2: 


Z = L9XSIN(D) = (0 (3421) 


КЕМАЛ аге used іп calculating the horizontal апа 
vertical forces on the side blocks. Without these geometric 
relationships, the horizontal force exerted on the side blocks 
۰۲۰۰۶۱٦۱۹۶۲٥65 due то rotation is not taken into account... Not 
eluding this force is a significant underestimate of the 
true horizontal forces seen by the side blocks. including 
this effect represents an important improvement to Sigman's 


model. 


With these equations incorporated into the  "3DOFRUB" 
Computer program, the model is now general enough to take Into 
account the high pbuildups of surface ships. Even though for 
supmarines, including the geometric side block effects only 
changes the Survivability of the systems by approximately one 
ПЕШ For ships with higher buildups these effects will be 


larger. 
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THe total blocking system forces are calculated as 


follows: 


PecemarOCck horizontal force: 

RR1 = khkbxx (S222) 
Баа ٢٣٠٠٦٥٢٦ ٠یع‎ ۶۹ side block horizontal forces: 

RR2 2 khsb* XPRIME (3.23) 

XPRIME = x + 2 9.24) 
Left side block vertical force: 

КЕЗ = kvsbl жх YPRIMEI (2.22 

UTERINE гж у + DELTA (920) 
Right side block vertical force: 

RR4 = kvsb2 х YPRIME2 03:22) 

YPRIME2 = -y + R + DELTA (3.26) 
Keel block vertical force: 

RRS = kvkbXxYPRIMES (37299 

YPRIME3 = -y + DELTA (3.30) 
Right and left wale shore horizontal force: 


RR6 = ks*(x + AAA*®) 0217) 
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The total blocking system moments about the keel are 


calculated as follows: 


Right and left side block horizontal moment: 

MM1 = RR2*LLLXSIN(A ) 637.32) 
Left side block vertical moment: 

MMZ - RRS3*LLL*COS( oC ) (523493) 
Right side block vertical moment: 

MM3 = RR4XLLLXCOS(* ) (3.34) 
Right and left wale shore horizontal moment: 


MM4 = RR6*AAA (3:33) 


DELTA is the static deflection of the side and keel 
blocks due to the submarine's weight. The value of DELTA is 
calculated in each loop of "3DOFRUB" and depends on the values 
of the current side block and keel block vertical stiffnesses. 
All blocking stiffness (e.g. khkb) are those found from 
appropriate  "BILINALL" or "RUBBER" subroutines. If a linear 
material analysis is selected by the program user, linear 


material stiffness values are used. 


To derive the modified submarine drydock blocking system 
equations of motion the following procedure is used. First 
the forces in horizontal direction are summed and equated with 
the mass times acceleration in that direction. Next, the 


forces in the vertical direction are summed and equated with 
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the mass times acceleration in that direction. Finally, the 
moments are Summed about the keel and equated with the 
rotational inertia times rotational acceleration. After 
combining terms and Simplifying, the modified equations of 
motion which include wale shore and side block geometric 


effects are as follows: 


MX + MKGƏ + Сх + С. ө + (2ks+2khs+khk)x 


+ (2KS*AAA + 2kKnS*LLL*SIN( & ))@ -  -MX. (3.36) 


My + C.Y + (2kvs+kvk)y = -MY, (3.37) 
1.6 + MKGX - MKGyƏ + C.O + C.X 

+ (2KS*AAA + 2kħS*LLL*XSIN( %< ))x 

+ C2kS*AAA™ + 2khs* (LLL*SIN( & ))® 


+ (2*KVS)* (LLL*COS(% ))# - WKGIe = -MKGx, (3.38) 


The three degree of freedom equations (3.36 - 3.38) are 
now stiffness as well as inertially coupled. In matrix form, 
there are now two new elements in the stiffness matrix (Kia = 
Kai), where Kin = (2kS*AAA + 2khsALLLX*XSIN( << )). The first 
term, 2КЗХААА, 18 due to wale shores; and the second term, 
ZKNS*LLLXSIN( & 0, is due to the effect of system rotation on 
ner side blocks. The stiffness matrix elements K,, and Kss 


are also modified to include these effects. 


as 
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3.1 Effect of Side Block Cap Angle on System Sliding Failure 
Mode 


сите (оте modes incorporated in the "S3DOFRUB" computer 
program are the same as those used by Sigman [2] except the 
slide block sliding failure mode. A more general approach is 
used ro model the side block sliding forces. This allows this 
program to be used for surface ship block geometries as well 
as submarines. One additional data input required by the 
program is the side block cap angle. An average value of side 
block cap angles, Obtained Efron the submarine docking 
drawings, is used in this thesis, It is possible to mođel the 
eulüre of the different side blocks along the length of the 
submarine or ship by running the program separately for each 


side plock right and left set. 


Figure (3.4) shows the geometry used in the modeling of 
the side block cap. The side block cap is mođeled as a wedge 
using a system illustrated in Marks Handbook [8]. Sigman in 
his analysis did not include the outward force on the side 


block caused by the vertical forces. 
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This outward force is caused by the relative rigidity of 
the ship compared to the side blocks. When a vertical force 
occurs, it tends to push the block outboard rather than move 
the ship inboard. The equations describing the forces 
associated with the side blocks due to this wedge effect and 


other frictional forces are as follows: 


Outboard horizontal forces: 
hfl = RR2 (3.39) 


hf2 


RR3*COS( S )*SIN(P ) (3.40) 
Resisting horizontal forces: 


hf3 = u2* RR3*COS ( Á )*SIN( B ) (3.41) 


nf4 تا‎ 3 (3.42) 
In the figure rfl iS equal to RR3. RR2 and RR3 are 


defined in equations 3.23 and 3.25 respectively. 


Where: 
(3 = the side block cap angle. 
ul = is the block on block friction coefficient. 
u2 = is the hull on block friction coefficient. 


If rfl and hfl are acting in the direction shown in figure 
(3.4), "SDOFRUB" flags side block sliding failure if hfl + hfe 


is greater than hf3 + nhf4. 
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3.2 Determination of Blocking System Vertical Static 
per rection 


Due to the changing stiffness of the side and keel blocks 
during the earthquake because of their non-linear material 
properties, the static deflection, DELTA, caused by the 
submarine weight changes throughout the duration of the 
earthquake. The accurate calculation of DELTA is essential so 
that "3DOFRUB" correctly handles permanent set and bilinear 
material properties. FOr some cases it is possible for tnhe 
keel or side blocks to start in the second (plastic) stiffness 
of the bilinear stiffness model if the submarine weight is 


great enough. 


One assumption is made to simplify the calculation of 
DELTA. It is assumed that the side block caps would never be 
elastic when the keel block caps are plastic. The equations 


for calculating DELTA are as follows: 


۲٢٢٢٢٣٠٦٠٠٢٠60 ۹٤ 

DELTA - weight/(2kVS-*kVk) (3.43) 
Plastic case: 

DELTA = YEL3 + (weight 

- (YEL3* (2kvs+kvk)))/(2kvsp+kvkp) (3.44) 
Where: 


YEL3 = 0D4/ (kvk-kvkp) (3.45) 
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Тс те keel restoring force, RRS. intercept of the 
second bilinear stiffness slope. The entire bilinear material 


Hodel iS described by Hepburn El) in detail. 


BOPORRUB S includes DELTA initialization and recalculation 
sections. шиг the initialization section the program 2ھ‎ ٢ 
determines whether or not the static deflection has caused the 
ери material to go plastic or remain elastic. If the material 
Ix l3stic, then equation (3.43) is utilized to compute DELTA. 
tner material is plastic, the program uges equation (3.449 
poe, Calculate DELTA. If kyk equales kwvkp then YEES is equal te 


zero. Then the DELTA equation reduces to the following: 


DELTA = weight/(2kvsp+kvk) (3.46) 

бе case occurs when the keel) blocks are linear elastic 
ӘП (ле side blocks are bilinear rubber. In addition? іг 
блек the keel or side blocks are bilinear wood then the 
elastic case holds initially. Бог recalculation thes same 
equations are used with the updated stiffness values from the 


appropriate Stiffness 5 ٦ 
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CHAPTER 4 


CSS LEAL! (CG-16) CASE STUDY 


4.0 Background 


On 1 October 1987, while in graving dock #3 at Long Beach 
Naval Shipyard (LBNSY), Long Beach, California, the USS Leahy 
(CG-16) experienced an earthquake. The 5.9 magnitude (0.45 g 
maximum peak acceleration) earthquake had an epicenter located 
шин 85 to the northeast in Whittier, California [9]. The 
EN experienced Side block sliding and photographs of the 
BE dock blocking system showing the block displacements were 
taken immediately after the earthquake. ІП addition: Мак 
docks at LBNSY had been instrumented by accelerographs which 
recorded the dry dock accelerations (0.05 g peak) seen by the 
Leahy during the earthquake. Because of the recorded 
displacement and acceleration time histories, the US Leahy 
was an outstanding case to analyze іп order to verify the 
three degree of freedom model and the "3DOFRUB" computer 


program. 


nues october lst earthquake occurred while this thesis was 
being researched. Within hours after the earthquake occurred 
гс 11:14, їїе БВМ5Ү Drydocking Office was contacted апа а 
request for photographs of the blocking system was made. The 
Docking Officer, Mr. Robert Dixson, reported at that time that 


the Leahy’s blocks had shifted outboard during the earthquake, 
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and four of the side blocks had remained away from the Ship 
after the earthquake was over. Providentially, the ship had 
recently been sandblasted and painted, and when the eartnquake 
occurred the portions of the hull exposed due to slide block 
Sliding were very evident. Therefore, the exact displacements 
of several of the side blocks following the earthquake was 


recorded in the photographs taken on October lst. 


Figure (4.1) 1S a photograph of the # 14 (second most 
forward) starboard side block. This photograph clearly shows 
the outboard displacement of the block. It was reported that 
eral ос the steel brackets (dogs) holding the block layers 
together popped out during the earthquake. These brackets 


were reattached before the photograph was taken. 


LBNSY wasi visited Sin late “Әсгорег and the Less 
blocking system was examined. The ship was still in dry dock 
and the area around the displaced blocks had not been 
repainted. Therefore, the displacements during the earthquake 
gere Still evident. These displacements were measured and 
Ceco ded: There was no evidence of side block or keel block 
шэг лог кее! block Sliding. There was slight evidence of 
SIME BIOCK liftoff. This liftoff apparently slightly skewed 
some of the side blocks so the inboard face of the side blocks 
was no longer parallel to the keel line. In addition, the new 
paint that had been applied just before the earthquake was 


broken between the hull and block interface. 
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USS Leahy Side Block # 14 


- 


OFFICIAL U.S. NAVY PHOTOGRAPH 
1 OCTOBER 1987 
LONG BEACH NAVAL SHIPYARD 


FIGURE 4.1 





Figure (4.2) shows the keel block system of the USS Leahy 
looking forward. Again, there was no evidence of sliding or 
crushing along the keel line. This figure also shows the high 
blocking heights used by surface ships. Submarine blocking 
systems are usually much shorter. For a submarine, the bottom 


layer of blocks would not be present. 


Figure (4.3) iS a photograph of the ZLeahy's starboard 
Borward Side blocks. These two blocks were pushed away from 
the  Zeaàa2y entirely and stayed away after the earthquake was 
over. This was also true for the same two blocks on the port 
Side. The docking crew at LBNSY pushed these blocks back into 
position as much as possible, however, gaps can still be seen 
between the hull and the top of the Side block cap. There 
were no such gaps before the earthquake. This photograph is 
also an excellent illustration of Side block build up angle 
alpha (%& ) and side block cap angle beta (B 72 In figure 
(4.4), a close-up of one of the aftermost starboard side block 
caps is shown. This photograph is another illustration of the 


side block sliding which occurred. 


The dry docks at LBNSY are some of the only dry docks in 
the world instrumented with accelerographic equipment. These 
instruments were installed by the Naval Facilities Engineering 
Command and monitored рупе Naval Civil Engineering 


Laboratory, Port Hueneme, California. 
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When the 1 October 1987 earthquake occurred, all of the 
acceleration recorders (accelerographs) were triggered in the 
dry docks at 7. The acceleration time histories were 


recorded on film in these instruments. 


The closest accelerograph to the USS Leahy auring this 
earthquake was located іп агу dock #2 which is approximately 
500 feet to the east of where the ship was drydocked. Dry 
dock # 2 is virtually identical in size and construction to 
dry dock # 3 where the Zeahrmwas located. Figure (4.5) is a 
layout of LBNSY C10] waterfront and the location of the 
accelerograph and the Zeany are indicated. Figure (4.6) is a 


CROSS Section of dry dock * 3. 


те _ассејегодгарћ in dry dock 4*2 was a SMA-1 Strong 
Motion Accelerograph. This instrument is a battery operated 
earthquake recorder designed to measure ground acceleration 
and structural response from strong local earthquakes. It 
provides tri-axially (orthogonally arranged longitudinal, 
vertical, and transverse) measured photographic records of the 
local acceleration time history (11). Figure (4.7) is a 


photograph of this instrument. 
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FIGURE 4.5 I 
Location of Drydocks, Long Beach Naval Shipyard, Long Beach, California 
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ЭМА-1 


Strong Motion Accelerograph 





After the earthquake, the record from the SMA-1 in dry 
dock # 2 was taken to the Naval Civil Engineering Laboratory 
where the rough data was analyzed. This data was then 
Corrected and processed by Structural and Earthquake 
Engineering Consultants, Arcadia, California. The corrections 
were necessary due to instrument bias and recording errors. 
The Naval Civil Engineering Laboratory forwarded these 
results, and they were used inthis thesis to analyze the 
Leahy’s blocking system response. The results 1451 of data 
processing are called “corrected асселегоцката" апа аге 
provided in the standard format magnetic media data file as 
used by the National Geophysical Data Center, Boulder, 
Colorado. The data provided was further processed for use in 
"3DOFRUB" using the support programs described in section 2.3. 
Figure (4.8) shows the corrected data plots provided by the 
Naval Civil Engineering Laboratory for dry dock # 2's 
transverse acceleration component. A typical header for one 


of the data files is included in Appendix 3. 


The data from the SMA-1 took months to process due to its 
analog nature. Digital accelerograph instruments now exist 
which can provide immediate processed information to users via 
computer modems in the standard format. But these instruments 


are not yet installed in dry docks. 
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4.1 Modeling of the ASS Leahy Drydock Block i ng System 


uuncccchadbacteristics of the SS وہر‎ угз ١۶7966۸" ۶ 
System were obtained from the Docking Officer at LBNSY, Mr. 
Robert Dixson. The information used came from a "layout 
Sheet" which was used to construct the blocking system. A 
copy of this “layout sheet" is included in Appendix 3. The 
following information is obtained from this sheet and is used 
in producing an input data file for the "3DOFRUB" computer 


program: 


Side block height (htside) 
keel block height (htkeel) 
Numbers of blocks 

Side block cap angles (beta) 


Side block breadths (br) 


The photographs taken and visual inspection of the 
blocking system are used to determine material quantities and 
dimensions of each blocking layer. These dimensions are used 
in the blocking system stiffness spreadsheets. The features 
of the stiffness spreadsheets used are described in detail by 
Heppurn (11. mney sabe = ine ludgea in Appendix 3. The Dil ered: 
model is used to describe the Douglas fir caps. Also, in 
Appendix 3 is a summary of the USS Leahy “s blocking system 


stiffnesses and the resulting QD values. This summary sheet 
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displays the other Submarine system stiffnesses as a 


comparison. 


Thies moment Of Inertia about the keel for the Zeasnris 
Sabcureated using a formula given by Gillmer & Johnson [1212 
based on the ship's beam for a destroyer type ship. A 
пршеаазћее is used for this calculation and is included in 
appendix 3. THE SNIP (is modeled aS a> "rigid ввау ThNIS IS 
Betsraerea reasonable for a cruiser type ship Subject to a 
small earthquake. Since, each set of Zeahr's side blocks has 
different heights. the teary system is modeled several times 
using each set's heights. A typical data file for the Leary 


used by the "3DOFRUB" program is included in Appendix 3. 


4.2 Results of the SS Leafy Analysis 


One of the most interesting things found in examination 
of the Zeahyr's blocking system is that the outboard 
displacement varied significantly from block to block. Figure 
(4.9) is a plot of measured outboard block displacement versus 
жар” angle, This figure shows that as cap angle increases 
outboard Side block displacement increases in a linear 
fashion. A best fit linear regression line is shown along 


with the data points. 
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This type of behavior is consistent with the side block 
SING analysis described in section 3.1 and incorporated in 
the "SDOFRUB" computer program. However, once sliding occurs, 
the three degree of freedom model used in "3DOFRUB" breaks 
down. There is no means incorporated into the program to 


determine the amount of side block displacement. 


шелпек analysis step is to run "SDOFRUB" using each 
side block cap angle in the Zea^»5r's blocking system. nue 
program iS run twelve times each time using a different cap 
angle. ٠ 6 ۱6۴٣۲6۲۲5 ۱710 is found aS seen in Figure (4.10) 
between cap angle and the systems survivability when Subject 
the dry dock #2 acceleration time history. All of the 
analysis uses the transverse and vertical components of the 


dry dock # 2 acceleration time history. 


ШЕ 15 орвегуей that the block on block surfaces for this 
system had been painted. According to Rabinowicz (1987) [13], 
a reasonable estimate for the friction coefficient for this 
situation is 0.3. This value is used in comparing all of the 
cap angles. Figure (4,10) shows a linear relationship between 
earthquake survivability and cap angle. As cap angle Increase 
the systen's survivability decreases due to side block 


sliding. 
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mue 4.10) predicts that the following side blocks 
would slide when subject to the dry dock # 2 acceleration time 
Mistory: (15, 14, 13, 7, 12, 6, 1, 4). All of these blocks 
were observed to slide, Side blocks are numbered from the 
stern forward. Blocks 14 and 15 are the farthest blocks 


forward on the port and starboard side. 


۰۰۱۱00۴570 predicts failure ranging from 47 to 117 % oF 
ШӘ агу dock #2 acceleration time history. The side block 
Systems which are predicted to fail at the lowest acceleration 
٠۰٠٠٦۱5067165 were those Side ‘blocks with the highest сар 
angles. This correlates very well with observed side block 
Sida” failures on. the USS Leary. A spreadsheet including a 
regression analysis of the observed side block displacements 


Berenice 5ea27s blocking system is included in Appendix 3. 


The model predicts side block sliding failure as the 
Primary failure mode for the USS Leahy system subject to the 
[my deck = 2 acceleration time history. This is precisely the 
actual system failure observed. The model also predicts that 
БЕН block liftoff is the primary failure for side blocks with 
small cap angles. Again. this is consistent with observations 
eT ThE Slide blocks. The observed variations in the data as 
Feen in figure (4.9) could be due to such factors as 


frictional and material variations among the side block plers. 


ЭЭ 





An analysis is then conducted to determine the effects of 
varying the frictional coefficient on system Survivability. 
For this study, cap angle is held constant as are all other 
parameters except the block on block frictional coefficient. 
Side block # 13 is used in this study. This block has a cap 
angle of 0.43 radians which is in the middle of the side block 
cap angle range. The block on block friction coefficient is 
varied above and below the 0.3 value as shown in figure 


(4.11). 


Figure (4.11) shows that there isa very strong linear 
dependence of Survivability on block on block frictional 
coefficient. Varying the friction coefficient from 0.22 to 
0.43 results in a survivability range of 22 to 175 % of the 
dry dock # 2 acceleration time history. The best fit line as 
well as the data points are shown on the figure. One key 
result is that it seems that a block on block friction 
coefficient of 0.3 best fits the observed sliding conditions 
which occurred on the USS Leary A 0.3 value corresponds to 
failure at 80 % of the earthquake which is reasonably close to 
where the sliding of the side blocks similar to # 13 appeared 


гэссс. 
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Figure (4.12) is the output from "3DOFRUB" for the 
vertical displacement of the Zeahy's starboard side blocks 
(assuming # 13 cap angle and height) during the earthquake. 
It shows that Slight liftoff does occur about 8 seconds into 
the earthquake where the displacements become negative. This 
also correlates well with the observed slight liftoff which 
occurred. А typical "3DOFRUB" output run із included in 
Appendix 3. Based on these results, the three degree of 
freedom model and the "3DOFRUB" computer program appear to 
correctly reflect the behavior of an actual drydock blocking 


system including the effects of side block geometry. 
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CHAPTER 5 


WALE SHORE, ISOLATOR, AND BLOCK STIFFNESS/GEOMETRY VARIATION 
PARAMETRIC STUDIES 


5.0 Parametric 


яваг — —— ЭРЭ D хартал аа NS 


It has aiready been seen that present U.S. Navy drydock 
blocking Systems are inadequate to resist expected earthquake 
accelerations. Some potential new materials such as rubber 
saps апа dynamic isolators look promising in correcting this 
problem. Many other design improvements including the use of 
® shobes, stiffening the side blocks. and widening the 
blocking system base show potential. In order to explore 
these possibilities and establish a feel for the design space, 
a series of parametric studies using the  "3DOFRUB" computer 


Program are conducted., 


Due to the high number of runs expected to accomplish 
this study, the Naval Sea Systems Command main frame (VAX) 
computer was used. This reduced the run time of “3DOFRUB" 
from several minutes to seconds. The System portability built 
into the "3DOFRUB" source code allows it to be recompiled for 
use on the VAX computer with very few minor changes. These 
parametric studies took several days and involved several 


hundred runs. 


In order to determine the design space. wale shore 


stiffness and side block and keel block horizontal and 
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vertical stiffnesses inputs to "3DOFRUB" are varied. These 
values are not related to any particular existing or potential 
blocking system. These values are input directly into the 
program without first being produced by the stiffness 
spreadsheets. Submarine drydock blocking system # 1 is used 
as a baseline for these studies. In all cases except for the 
study of systems with wale shores and 1 inch rubber block caps 
(system 50 series), a linear materia! analysis is used. The 
1940 El Centro earthquake acceleration time history used Dy 
Hepburn (1Ј 13 used throughout this parametric study. For 
several of these studies, the effect of doubling the keel 


block widths is investigated. 


ог Garametric Study Results 


The results of system # 1 vertical side block stiffness 
variations on failure due to the 1940 El Centro earthquake is 
shown in figure (5.1). Log (kvs) with respect to 1 kip/in із 
plotted against failure fraction of the earthquake. For each 
stiffness, failure fractions due to all failure modes present 
are plotted. The primary failure modes for this system are 
side block liftoff, keel block overturning, side block 
overturning, and side block sliding. For this particular 
study, side block horizontal stiffness is held constant at 


[00,000 ×16 ۰ 
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Since all failure modes are shown in figure (5.1), their 
relative dominance can be seen. The curve showing overall 
System failure for each stiffness consists of the lines 
connecting the bottom failure modes in the figure. Therefore, 
the modes of failure which dominate this system are side block 
сет sana keel block overturning. Srde“ block lifters, 185 
dominant from log(kvs) = 4 to 5.4, and keel block overturning 


is dominant from log(kvs) = 5.4 to 6. 


The best survivability attained by varying side block 
vertical stiffness is 40 % of the El Centro earthquake. While 
there is some promise in increasing side block vertical 
stiffness, it is still not possible to meet the 0.2 с criteria 
by increasing this stiffness alone. Also. the horizontal and 
РР ИЕГІ –- опез5ез гедич1геа аге extremely high and may not 
be practically obtainable in an actual submarine drydock 


blocking system. 


Another key factor evident in figure (5.1) is that side 
and keel block overturning are important issues. AS stiffness 
increases, side block overturning and sliding become less 
Important; however, above 100,000 kips/in keel block 
overturning quickly becomes increasingly important until it 
dominates. It is clear that any design strategy must take 
into account both preventing side block liftoff and keel block 


overturning. As one failure mode is eliminated, another will 
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come to dominate; therefore. a design strategy that overcomes 


the various failure modes at the same time is required. 


Figure (5.2) shows the results of varying side block 
horizontal stiffness. In this case. kvs is held constant at 
70,000 kips/in while khs is varied. As shown in the figure, 
keel block overturning is the dominant failure mode up to 
log (khs) = 4.3 after which slide block liftoff became 


dominant. 


Since the failure fraction reaches a plateau at log(khs) 
= 4.6 up to 5, this appears to be an upper design limit for 
horizontal stiffness above which little increase in 
Survivability occurs. From these and other parametric studies 
it is round that for optimal Survivability. both horizontal 
and vertical side block stiffness have to be increased 
together. Again, this shows that a parallel design effort is 
required. Varying one parameter alone does not result in a 


successful design. 


Results of using wale shores of various stiffnesses on 
system # 1 survivability are shown in figure (5.3). Rapid 
improvements in system survivability occur as wale shore 
stiffness is increased. To prevent the occurrence of Keel 
block overturning, double width keel blocks are used in this 


study. 
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AS seen in figure (5.3), the three primary failure modes 
are side block liftoff, keel block overturning, and keel block 
sliding. Side block liftoff is dominant up to log(ks) = 4.4. 
Keel block overturning overtook side block liftoff and 
dominates failure for log(ks) = 4.6 and above. The pest 
survivability seen 1s 60% of the El Centro earthquake which 
is well above the 0.2 g criteria. Therefore, the use of wale 
shores is quite promising. and the required stiffness appears 


obtainable. 


The use of wale shores increases system survivability by 
reducing the rotation and horizontal displacement of the 
submarine during the earthquake. 5۲51-1" ۰30 6)6 6 ٥ 
restoring moment provided by the wale shores resulting from 
their high position above the keel baseline. Wale shores also 
shift the horizontal and rotational system modal frequencies 


well above the excitation frequencies of the earthquake. 


when MNE de and keel blocks are prevented from 
overturning and 1 inch of rubber is added to the block caps, 
extremely high system survivability can be obtained using wale 
shores. Figure (5.4) shows the results of varying wale shore 
Stirirness. It is found that the use of 1 inch rubber caps 
alone more than doubled system survivability. This is due to 
the rubber cap delaying side block liftoff. The wale 
stiffness is then varied up to the Optimum stiffness values, 


30,000 kips/in, shown in figure (5.3). 
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By increasing the wale shore stiffnesses, survivability 
increased quickly up to about 80 % of the El Centro 
earthquake. After this magnitude of earthquake, increasing 
wale shore stiffness gave diminishing returns. This study 
andicates that wale shores are а viable solution to the 
submarine drydock blocking Survivability problem. Details of 


the wale shore deSign solution are given in chapter 8. 
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CHAPTER 6 


DRYDOCK BLOCKING SYSTEM SURVIVAL COMPARISONS AND SITE SPECIFIC 
EFFECTS 


6.0 Drydock Blocking System Survival Comparisons 





The eleven submarine drydock blocking systems analyzed by 
Пет 21), Sigman [2], and Karr [3] are again analyzed in 
meses thesis tO determine the effect of including the geometric 
modifications described in chapter 3. The "3DOFRUB" computer 
program is run using the 1940 EI eentro earthquake 
Seeemeration time history and data files describing each of 
the eleven systems. For purposes of comparison, the eleven 
systems are modeled as linear-elastic. The bilinear system 
data files used by Hepburn (1Ј аге modified by setting QD's 
equal to zero and setting the plastic stiffness values equal 


to the elastic values. 


ré (6.1) is a plot comparing the Survivability of 
Sigman's 121 eleven submarine systems to the linear systems. 
The purpose of this comparison is to determine what effect the 
Side block buildup angle (alpha), side block cap angle (beta), 
and side block wedge effect has on system Survivability. The 
figure shows that the geometric effects has little impact on 
overall system survivability. In some cases survivability is 


improved, and in other cases it 1s decreased. 
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FIGURE 6.1 


The average value for survivability for all eleven 
systems 13 26 % for both the linear and Sigman analyses. This 
is not surprising since submarines have relatively 109 side 
block heights above baseline and low cap angles. Therefore, 
Sigman's assumption that submarines have zero side block 
height above baseline is reasonable. However, as seen by the 
Leahy case study іп chapter 4, the geometric modifications 
made to "SDOFRUB" become important in the case of surface 


Ships due to high Side block heights and large cap angles. 


E GUE (6.2) ís a plot comparing the Survivability of 
шинээ 1 eleven bilinear submarine systems to the linear 
systems. In this comparison there is a clear difference in 
survivability between the two studies. Overall. linear 
systems survive a higher earthquake percentage (26 %) than 
bilinear systems (23 %). There is no case where the bilinear 
systems survive a larger earthquake than the linear systems. 
Systems 5, 6, 7,and 8 survive the same earthquake magnitude. 
For these systems, large cap areas are present and the Douglas 
fir caps do not undergo plastic deformation. In every other 
case, the cap does plastically deform causing the Douglas fir 
tO incur permanent set thus cauSing earlier side block 


artrorr. 
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This comparison shows that Hepburn's [1171 bilinear 
analysis was more conservative by approximately 10 percent. 
The bilinear analysis is a more cumbersome method. The linear 
method can be used tO approach an adequate design, then the 
bilinear method can be used to fine tune the design to assure 


survivability. 


onl Earthquake Site Specificity 


Earthquakes differ widely in magnitude, frequency, and 
duration. Their effect on local structures is also dependent 
on the immediate geological characteristics of the surrounding 
area. For this reason, using the 1940 El Centro earthquake 
acceleration time history alone is not considered adequate to 
develop a satisfactory submarine drydock blocking system 


design. 


In the case of the 1 October 1987 Whittier earthquake, 
measured ground acceleration varied tremendously depending on 
the distance and direction from the epicenter. In addition, 
some areas further away from the 222702 felt larger 
accelerations than closer locations. Appendix 4 contains a 
report from the California Division of Mines and Geology (92 


regarding the data from the Whittier earthquake . 
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The Frequency Spectrum Of the recorded ground 
accelerations also depend on 12281 geological conditions] 
(144. Dry dock # 2 а: Long Beach Naval Shipyard, where 
accelerations were measured, is located approximately 20 miles 
from the epicenter of the Whittier earthquake (15). Figure 
(6.3) isa map produced by the California Division of Mines 
and Geology [9] which shows the locations of the epicenter and 
Long Beach Naval Shipyard. The ground acceleration was 


reduced from 0.45 g's peak acceleration near the epicenter to 


222215 рёах in dry dock # 2. 


In addition the dominant frequency of the earthquake was 
reduced from approximately 2 HZ near the epicenter to near 1 
HZ in dry dock # 2. Mr. Lew from the Naval Civil Engineering 
Laboratory C14) stated that this reduction in frequency was 
Bote ungue to the dry dock. This frequency was experienced 


throughout the Los Angeles harbor area. 


Mrs Lew [14] stated that dry dock # 2 is sitting on an 
aquifer which exhibits dynamic characteristics similar to a 
Sod Along the sides of the dry dock iS a layer of solid 
material rising approximately 10 feet above the aquifer. A 30 
foot deep hydraulic layer exists above this solid material. 
Above this is a compacted land fill layer. This combination 
of geological properties around the dry dock contributes to 
the relatively low ground acceleration frequencies 


experienced. 
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The geological conditions which exist at Long Beach Naval 
шага are Very Similar to conditions at other graving dock 
locations. Lew [14] also stated that Mare Island Naval 
Shipyard's can withstand a maximum of 0.26 g's before the 
construction joints of the dry dock give-way. This value is 
used as the "dry dock failure" level in this thesis. Mr. Lew 
stated that the dry docks at Long Beach probably have the same 
design limitation. The dry docks at both these locations are 


Ше Similar in construction., 


The Nuclear Regulatory Commission requires thart 
۰۲۰٦ب‎ ٦53۴6" acceleration time histories used in structural 
analysis incorporate the actual vertical and horizontal 
acceleration components when available. Otherwise, 
Statistically independent vertical and horizontal acceleration 
time histories must be used with the vertical being two-thirds 


the magnitude of the horizontal component (16). 


ES Gry, dock % 2 acceleration time histories, both the 
vertical and horizontal components were available. Figures 
(6.4) and (6.5) are the acceleration time histories in the 
Derizental and Vertical directions respectively. These two 
plots show that the two components do substantially differ in 


magnitude and frequency content. 
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In order tO make a valid comparison between the effects 
of uSing the 1940 El Centro earthquake and the dry dock # 2 
acceleration time histories, the dry dock's accelerations are 
normalized to the El Centro's magnitudes. The energy content 
Of an earthquake depends on the magnitude of its ground 
displacements and the earthquake duration (171. The amount of 
energy that an earthquake imparts to a structural system 
depends on the earthquake's frequency content relative to the 
natural frequencies of the structure. It also depends on 
Меше меништредапсе ог mobility of the structure relative to 
the ground. The Richter scale, which is measure of the 
earthquake's energy, is based primarily on the log of the 


earthquake peak displacement. 


To normalize the dry docx # 2 earthquake, the first step 
is to make the two earthquakes’ acceleration time histories 
the same duration, 20 seconds. The El Centro earthquake is 
truncated by using the first 20 seconds, the most violent part 
of the earthquake. The dry dock # 2 acceleration time history 
was originally approximately 16 secondS in duration. To 
create a 20 second duration, the last four seconds of the 
record is multiplied by an exponential decay factor and added 


on to the end of the existing record. 
Next, the dry dock # 2 accelerations are normalized to 


the same magnitude of El Centro by multiplying by a factor of 


10,97% This factor is obtained by dividing the реак 
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displacement of the El Centro earthquake (14.61 cm) by the 


peak displacement of the dry dock # 2 earthquake (1.33 cm). 


Figure (6.6) shows the 1940 El Centro earthquake 
acceleration time history and the normalized dry dock # 2 
acceleration time history. It is clear from these plots that 
the excitation frequency of the normalized earthquake is much 
lower than that of the El Centro. These two earthquake 
acceleration time histories are used in this thesis for system 


design development. 


It is clear from previous analysis that both a low 
stiffness design approach using isolators and a high stiffness 
design approach using wale shores are both viable. Using a 
higher frequency *earthquake like the El Centro is a more 
conservative approach for a high stiffness design. Similarly 
a lower frequency earthquake like the normalized dry dock # 2 
accelerations is a more conservative approach for a ٣۷ 


stiffness design. 


Figures (6.7) and (6.8) are the response (or shock) 
Spectra for the dry dock #2 and the 1940 El Centro 17: 
acceleration time history respectively. These figures show 
the dominant frequencies of these earthquakes. El Centro: s 
dominant frequency is approximately 2 HZ for the 5 % damping 
case used in this thesis. For dry dock # 2 this dominant 


frequency is approximately 1 HZ again using 5 * damping. 
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6.2 System Survivability Frequency Dependence 

To determine the dependence of system Survivability on 
system natural frequency, a plot is made, figure (6.9), 
showing El Centro earthquake survivability versus mode 1 
(fundamental) frequency. All eleven systems' mode 1 
frequencies using Sigman's, bilinear, linear, and 1 inch 
rubber Cap modelS are plotted. The natural frequencies for 
these systems range from 0.4 to 1.6 HZ with an average around 


] HZ. 


There is no correlation between mode |] frequency and 
earthquake survivability for these systems as shown by the 
data and the flat best fit line. This is because the mode 1 
frequency, the lowest system modal frequency, is sufficiently 
below the dominant frequency of the El Centro earthquake, 2 
HZ. No dynamic amplification occurs. Significant dynamic 
amplification and thus’ lowered survivability is expected if 
the system modal frequency is near the earthquake's dominant 


frequency. 


This is precisely what is found when eleven bilinear 
systems are excited by the normalized dry dock # 2 earthquake. 
Figure (6.10) is a plot of normalized dry dock # 2 earthquake 
Survivability versus mode 1 frequency. In this case; the 
dominant frequency of the earthquake, 1 HZ, corresponds to the 


average system modal frequency. 
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A clear dependence of system survivability on frequency is 
shown in the figure by the best fit curve. The systems with 
natural frequencies closest to that of the normalized dry dock 


# 2 earthquake has the lowest survivability. 


A comparison of the survivability of the eleven submarine 
drydock blocking systems due to El Centro and normalized dry 
dock #2 earthquakes iS shown in figure (6.11). The data for 
this figure as well as other comparisons is included in 
Appendix 4. This figure clearly illustrates the degradation 
of system Survivability due to resonant frequency effects. 
All eleven systems fail at much lower levels when excited by 
the lower frequency normalized dry dock % 2 earthquake. 
Overall, system survivability is about 8 % for the normalized 
dry dock * 2 earthquake compared with 23 % for the El Centro 


earthquake. 


It is important to emphasis that these low survivability 
percentages for submarine drydock blocking systems are based 
on an actual earthquake acceleration time history measured in 
a U.S. Naval shipyard dry dock. The validity of this problem 
is confirmed by the USS Leahy case study where a current U.S. 
Navy ship drydock blocking system failed when subject to а 
relatively small earthquake (0.05 g peak acceleration). This 
shows the importance of taking frequency dependence into 


eccount when designing an earthquake resistant system. 
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CHAPTER 7 


ISOLATOR AND RUBBER LOW ‘STIFFNESS DESIGN 


7.0 Design Process 


Dynamic isolators and rubber caps either singly or in 
combination are very attractive potential solutions to the 
submarine drydock blocking system survivability problem. 
Hepburn (11 studied the properties of Dynamic Isolation 
Systems Inc. (D.I.S.) dynamic isolators and developed a 
bilinear model to describe their behavior. Using the 
"SDOFRUB" program with the "BILINALL" and "RUBBER" 
Subroutines, adesign study of a blocking system with D.I.S. 
isolators and rubber caps is undertaken. The purpose of this 
Study is to find a low stiffness system which survives up to 


an dock failure (0.26 g's). 


The first step in the study is to install D.I.S. 
isolators in place of the oak layer in submarine blocking 
system # 1, the SSBN 616 system used by Hepburn [1J. The 
isolator parameters are the same as Hepburn's. In addition, 
one inch of natural rubber is added to the top of the Douglas 
fir cap. The 1940 El Centro earthquake is the exciting 


earthquake for the initial portion of this study. 


The first result 15 unexpected. Using the D.1.S. 


isolators without a rubber cap, Hepburn found that the system 
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Survives 35 % of the earthquake. With one inch rubber cap 
without isolators, system # 1 survives 32 %. It was expected 
that the combination would increase survivability. Actually 
it is found that this combination resulted in lower (20%) 


survivability. 


In general, this decrease is due to the effect of 
multiple modes of vibration. By Using erties 1 inch rubber 
caps ог р.І.5. isolators singly. the system's mode 1 frequency 
is driven well below the fundamental frequency of the El 
Centro Earthquake. At the same time, (һе system's mode 2 
frequency is driven lower but still remains well above the 


earchquekes fundamental frequency. 


By combining the rubber and isolators, the mode 1 
frequency is driven very low, but the mode 2 frequency is 
Кы уеп into resonance. طط‎ 62۱٦۰۰ 0 1ب 016 ےک۰۰9٣ ۰۱ک‎ ٤ى‎ 
develop a successful design, both the mode 1 and 2 system 
frequencies must be driven well below resonance without 
Serving mode 3 into resonance. While mode 1 апа 2 are 
coupled, mode 1 is primarily the system's rotation, and mode 2 
H primarily horizontal “displacement. Mode 3 1s the System's 


vertical displacement. 


Using  "3DOFRUB", several runs are made with progressively 
Ncccohorrzontally stiff isolators. To reduce horizontal 


stiffness the values of khs, khk, khsp, kkhp, and the 
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associated QD values are decreased. Figure (7.1) le plot of 
the 1 inch rubber cap/isolator system survivability versus 
mode 2 frequency. The figure shows that as the systems 
frequency and horizontal stiffness is decreased, system 
survivability increases dramatically. The mode 2 frequency is 


being driven below the earthquakes fundamental frequency. 


Figure (7.1) shows that the system survives a 0.26 g 
earthquake, however, the horizontal stiffness required is 
reduced by 60 % from the original rubber/isolator horizontal 
stiffness. To actually construct a system with this 
horizontal stiffness would require isolators with extremely 
ШЕМ horizontal stiffness. These isolators may be impractical 


to fabricate. 


To allow the isolators to have higher horizontal 
ENIffness the effects of using thicker rubber caps is 
explored. кісіге 07223 is a comparison of system 
Survivability using various rubber cap thicknesses. The use 
of 3 inches of rubber does not significantly shift the 
Survivability curve toward higher stiffnesses. Therefore, the 
use of 6 inch rubber caps is investigated. Sixes inches) 1s 
considered the practical thickness limit. Rubber caps thicker 
than this would tend to be vulnerable to wind loads, but the 


wind load problem is not investigated in this thesis. 
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The use of six inches Of rubber significantly shifts the 
eur yivability curve to the right аз seen in figure 027221. 
Therefore, six inches is selected for the final low stiffness 
design solution. Eigure (7.3) isa comparison between the 
various ropper сар thicknesses for амс ven horizontal 
Biers fness. ThiS shows the additional benefits of the use of 
5۰.556۶۲ caps. Increasing the thickness of the rubber improves 


Survivability by preventing liftoff. 


Ше се сс аг least one inch of rubber cap is vital. 
Survivability Jumps from 5% to 70% with the use of just one 
men of rubber. The side block horizontal stiffness used for 
tne figure (7.3) comparison is the final design stiffness 
used. The figure shows that if the rubber cap is removed the 
System would survive a much smaller earthquake than the 
Original system # 1. However the ruúbber Caps alone cannot 
Idea tos» enough horizontal stiffness to survive up to dry 
dock failure. The final low stiffness solution using the 1940 
Centro earthquake survives 72 * (0,32 g's). The data file 
٠۰۰۰٠٠٠۰٠۰٠۶ ت۴‎ "ЗООЕЕОВ" Рог this solution Is included in 


appendix 5. 


Since the normalized ary dock # 2 earthquake has a lower 
fundamental frequency, this earthquake is used to test the low 
Sriffness solution. It is found that the horizontal stiffness 
has to be decreased even further for the system to Survive the 


ЕС (0 dry dock survival level. 


99 





EZ 3Un913 


dvO NO Q3sfh 38803 0ل‎ 11 


“ММ 


- 22001 
NI/SdlM G'Gr SHM HIIM 


220122 2 21:02:11 ОИЕ О ЕЕЕ 


ӨР 01 22988 об! ӨЗЛІЛШІІ5 < 


100 


The final survival level is 0.28 g's (63%), This newer 109 


stiffness Solution is recommended if the rubber/isolator 


method is used. 


From this solution, the parameters of the required 
individual dynamic isolators has to be determined. This is 
accomplished by using the blocking pier stiffness spreadsheets 
meluded in Appendix 5. These are the same spreadsheets as 
used to calculate the blocking pier stiffnesses. They are 
used to calculate the individual isolator properties by 


working backwards. 


The isolators' parameters are determined as follows. 
Erst, the spreadsheet for determining blocking pier 
horizontal stiffness is used. Knowing the pier's overall 
stiffness and dimensions and knowing the properties of all the 
other layers, the only parameter that could be varied to give 
the proper total pier stiffness is the isolator's modulus of 
ENSSticity, 2. аг until thercorrectipier stirrness 
БЕРГІ пей, спе correct value of Æ for the isolator is 
obtained. шээг determine the horizontal stiffness of an 
۳۰۰٠۰۱٦ 15014атоГг, а11 the other blocking pier layers are 
шэг i nrinitely Stiff except for the isolator. With the 
шеојатог Æ value known, the value of individual isolator 
stiffness is given by the spreadsheet. This procedure is used 


to determine first stiffness line (elastic) and second 
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stiffness line (plastic) isolator parameters for both the keel 


and side block systems. 


The QD values for the isolators are determined using the 


following equation: 


Cpe — XEL*x (KU—KD) wm 


were: 


Es the elastic limit for the original isolator. used Dy 
Hepburn Clj,in inches. 

QD is the restoring force intercept of the second stiffness 
slope for the isolator. 

KU IS Equal to the elastic stiffness of the isolator. 


ENIS egual to the plastic stiffness of the isolator. 


Table 7.1 аге the original isolator parameters used by 
Hepburn (113. Using the same XEL values as the original 
isolators the value of OD is determined by applying equation 


71). 
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XEL : 
QD: 
kun 
Kor 
Vert: 


(where Kvert 


TABLE 7 71 


ORIGINAL DIS. 


SIDE ISOLATOR 
0:205 1 

4.55 kips 
17.8 kips/in 
ISS KIPS in 


kips/in 


ISOLATOR 
PARAMETERS 


KEEL ISOLATOR 


0.400 in 


(03 Kips 
301591] Kips? 1) 
3272 kips/in 


1645.93 ٣ 


IS ene @uer tical stiffness of each 2]1solartor) 


TABLE a7. 2 


FINAL LOW STIFFNESS DESIGN ISOLATOR 


XEL: 
ODE 
KU: 
KU: 


Kvert: 


PARAMETERS 


SIDE ISOLATOR 
nos 11 
0.638 kips 
2S KIPS/ITN 
0 ۸ 7٤0 


250 760 
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KEEL ISOLATOR 


0.400 in 

15 Кире 
336 реи 
0.49 kips/in 


1845 ۷ 





Hncamanutacturer (D.I.S.) of the isolators was contacted 
once the parameters of the а ан isolators were known. 
Шоо усе President for Engineering, Buckle £18], stated 
that an isolator with these required parameters would be 
Iimsractical to build. However, he stated that an isolation 


ES Stem Gf equivalent properties could be built using higher 


жиг 0655 1Solators on every fourth block. 


Tennis ks without isolators would have low frietion 
Sliders КІШІСІ саггу the vertical load and provide no 
Memucontal stiffness. These sliders would be coated with a 
EN IS on material such as teflon. Such sliders, according 
to Buckle, are used extensively in bridge isolation systems. 


٠۰۶۱۲۱۱٣٣ Stiffness solution does incorporate sliders. 
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7,1 Description of the Low Stiffnes 

Figure (7.4) is a 2D drawing of the recommended low 
stiffness Submarine drydock blocking system solution. This 
Solution survives 53 % (0.28 g's) of the normalized dry dock # 


2 earthquake. The design includes the following features: 


l. isolators will we placed in every fourth keel and 
erage blocking pice All other blosking plers will 
eentains#sitiders. 

24 e ana side block piers are rigidly attached 
ES THE dry dock floor to prevent overturning. 

oa A steel carriage is used to rigidly tie the caps 
together transversely to prevent sliding. It also 
ties the system together longitudinally so the 
isolators provide Ta restoring force 5% entire 
system. 

4. mher steel carriage is only rigidly attached to the 
Hecking piers containing is- laáators. It is free to 
slide on all othem piers. 

ээ деле" cuUbber Capmis Used on Uepmerethe steel carriage 
e hI prevent liftoff and to ara the isolators in 


decoupling the submarine from ground acceleration. 
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The  "3DOFRUB" program could not completely model this 
ey stem directly. Therefore, a few changes to the data file 
are required to simulate this system. First, the keel and 
side block widths are made extremely wide to simulate rigid 
attachment. The block on block friction coefficient is made 
extremely high to simulate the caps' rigid attachment to the 
steel carriage. The model used has the isolators attached to 
Exncpete blocks instead of to the dock" floor; however, the 
seirrness of the isolators is so low compared to the concrete 


that this has no effect on the results. 


7.2 Response of the Low Stiffness Solution 

The response plots analyzed in this section for the low 
SH r ness solution are due to excitation by 63 % ОҒ the 
normalized dry dock # 2 earthquake. The natural frequencies 
Of the low stiffness solution are such that the lower 
frequency normalized dry dock # 2 earthquake produced lower 
levels of survivability. 63%, compared to the higher frequency 
1940 El Centro earthquake, 72%. The normalized dry dock # 2 
earthquake was used to produce the output plots because it had 
lower frequencies and produced a lower level survivability; 
therefore, it was the more conservative earthquake to use in 


analyzing the low stiffness design. 
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Figure CES) is а о То: of the keel horizontal 
displacement relative to the dry dock floor as a function of 
mme, This plot shows that the low stiffness solution has 
very large horizontal relative displacements associated with 
it. The maximum keel displacement seen in this figure, about 
6 inches, 1S typical for base isolated structures according to 
Buckle [18]. The displacements are large; however, they have 
a low frequency and are smooth which means the submarine is 
experiencing low velocities and accelerations. This 
horizontal displacement response is extremely different from 
BE the exciting acceleration shown in figure (6.6). This 
mrustrates Ine horizontal decoupling effect ОР che 


muDber/isolator systems. 


These low accelerations can be seen in the keel block 
merizontal force versus time plot in figure (7.6). The high 
Stiffness solution discussed in chapter 8 has keel block 
horizontal forces which are larger by an order of magnitude. 
Figure (7.7) shows the rotational response of this system. 
irs figure 1S aplot of the systems rotation about the keel 
er Sus time. ПУЛРО Поне огрее the rotations аге 
relatively large, but smooth and low in frequency. This 
response is also extremely different from that of the exciting 
acceleration and shows the rotational decoupling of the 
ی۰۲٦6‎ ۶/75 09163167 system. However, figure (7.8) Shows that the 
Pertical ame placement 15 more closely coupled with the 


earthquake's vertical acceleration (figure (6.5)). 
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The bilinear behavior of the dynamic isolators is clearly 


shown in figure (7.9). This figure shows the keel restoring 
force versus horizontal displacement. The two stiffness 
ENCDes are evident. If during an earthquake excitation loop 


the isolator doeS not go plastic, the force oscillates up and 
down the elastic stiffness slope as can be seen in the figure. 

en total area inside all of the hysteresis loops is the 
amount of energy the isolator dissipates from the system 
during the earthquake. This hysteretical damping is one of 


Mende y. penetfits of using D.1.S. isolators. 


K c i Orces on the left Side blocks; keel blocks. and 
ШО сае blocks are shown in figures (7.10 through 7.12) 
respectively. The first key thing to note about these three 
ures is that at time zero the total force on all three 
blocking systems is the weight of the submarine. The keel 
БИСЕ system's load is 12000 kips (70 %), and each side block 


system's load is 2300 Kips (15 X). 


поен се рјоск force is mostly due to rotation of the 
submarine as can be seen by its Similarity to figure (7.7) 
which is the plot of system rotation. The other significant 
feature of the right and left side block plots is that the 
forces are 180 degrees out of phase which is consistent with 
Bec physical situation. The forces on the keel are due to a 


combination of static load and vertical displacement. 
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The displacements of the left side blocks, keel blocks, 
and right Side blocks are shown in figures (7.13 through 7.15) 
mespectively. At time zero, the plots represent the static 
deflection caused by the submarine's weight. In this case all 
three systems initially have the same displacement. This must 
be the case if the submarine is assumed to be a rigid body 
еп it is. The initial displacement iS approximately one 
men "into tne rubber cap. The plots show that liftoff does 
not occur; however, for the left side block system liftoff 
Samco within 0.15 inches of occurring. For the right side 


F (Пе system only came within 0.4 inches of liftoff. 


The differences between the right and left side block 
response IS due to the random nature of the exciting forces. 
The overall range of the displacements is very close to being 
the same. Even though the forces experienced by the keel 
blockS are much higher than those on Side blocks, the relative 
vertical displacement of the keel blocks iS very small 
pared to the side blocks. This is because the side blocks 
аге much less Stiff vertically than the keel blocks, and tne 
mols DI@GCKS are not subject to rotation. These plots show 
that the model "is producing reasonable response output. They 


poovIded an excellent check of the "S3DOFRUB" computer program. 
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Emeliyzzerigures (7.16 through 7.18) Show the bilinear 
behavior of the rubber caps. The plots show that the keel 
blocking system Starts out and remains on the second rubber 
bilinear stiffness slope. For the side blocks, the plots show 
that both sets of side blocks experienced both rubber bilinear 
stiffness slopes. One very interesting issue seen in figure 
Ecos that as the left side block system unloaded, the 
Шо ретнинро | пеаг behavior significantly delays and prevents 
се block liftoff from occurring. The smaller slope near 
zero load helps to keep the submarine in the side blocks. 
This is the primary reason rubber is a superior material for 


use as a blocking system cap. 
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CHAPTER 8 


WALE SHORE HIGH STIFFNESS DESIGN 


8.0 Design Process 


AS was shown in the section 5.1 wale shore parametric 
шау, the use of wale shores iS also a promising solution to 
the submarine drydock blocking system survivability problem. 
The use of wale shores increases system Survivability by 
reducing the rotation and horizontal displacement of the 
Submarine during the earthquake. Wale shores ‘also shift the 
horizontal and rotational modal frequencies well above the 


Eundamental frequencies of the earthquake. 


From the wale shore parametric study, it is found that 
шшла wale shores with stiffnesses greater than or equal to 
ЕДО Kips/in along» with one inch rubber keel and side block 
ов produce system survivability well in excess of dry dock 
failure, This is illustrated in figure (5.4). In order to 
compare the high stiffness solution with the low stiffness 
Solution described in chapter 7, a system which survives 72 % 
of the 1940 El Centro earthquake is designed. The input data 
file and the output file from "3DOFRUB", which realize this 
level of survivability, is included in Appendix ©. Also 
included inthis appendix is the output file for this system 


using the normalized dry dock # 2 earthquake excitation. 
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The 72 % (0.32 g's) survivability level is desirable to 
give the system 4 reasonable factor of safety above the 0.26 g 
dry dock failure level. For the low stiffness design only 63 
% (0.28 g's) Survivability could be attained due to excitation 
by the normalized dry dock $ 2 earthquake before practical 
manufacturing limits of the isolator system are reached. This 


level of survivability is still considered acceptable. 


The next step inthis study is to determine how to 
practically realize this design. Once the required total 
stiffness of the wale shores is determined, the actual number 
and dimensions of the individual wale Shores has to be found. 
The first assumption made is to design the wale shores for 
Long Beach Naval Shipyard dry dock # 2, which is 4 typical 
U.S. Naval shipyard graving dock. This requires the lengths 
of the wale shores to be approximately 32 feet when Supporting 


a system 1 submarine. 


Since the wale shores are compression elements vulnerable 
to buckling, based on Hughes [19] wide flange steel sections 
are chosen for the wale shores. In order to minimize dry dock 
production interference and to avoid overstressing the 
submarine, wale shores are only placed over existing side 
block pier locations. Therefore, the wale shores would bear 
on the submarine ring stiffeners. To determine the required 
individual wale stiffness, the number of wale shores is first 


assumed to be seven. Then a spreadsheet similar to that used 
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to calculate blocking pier vertical stiffness is used to 
determine what steel section is required to give the necessary 
overall wale shore stiffness. This spreadsheet is included in 


Appendix 6. 


It is assumed that each wale shore would consist of a 
layer of rubber, ahalf inch steel backing plate. and a wide 
flange steel beam. TO prevent separation of the wale shore 
from the submarine during the earthquake the wale shore is 
initially compressed against the submarine using an hydraulic 
jack. A satisfactory steel section is found using a Steel 


wide flange beam design table in Popov (20]. 


Once a section is selected, it is tested for buckling 


survivability using the following procedure: 


1% Using Hughes' column design curves [193, a value of 
ultimate stress for a single wale shore is obtained. 
The appropriate curve fora wide flange (universal 
column)” 18 selected This curve takes into account 
eccentricities in the beam. 

2% To enter the curve a yield stress is required. 
33000 psi mild steel is used. 

3. Next, a slenderness ratio, Le/r , is needed. This 
is obtained from Popov [20]. For simply supported 


conditions Le is equal to the length of the beam. 
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кар" 


Х t 


INE value Of مر‎ the radiws of gyration, ie’ found 


from Popov's beam design table. 


4. The actual Stress in the beam then has to be 
determined. This 18 accomplished by determining the 
force in the wale shore and dividing it by the 
sectional area of the beam, Aue. The equations for 
прете е sore Stress, (J 4a. are as fol lows: 

Y == = R/A Ve (8.1) 

R = KSD'*X'aax * E, (932) 

F, = (D, - XEL)*ksp' + A-.e* Y cus 08773) 

„х U cas) /Kks* (8.4)‏ ۸) 00ا2 

DOTE TX mak (8.5) 
where: 

R maximum total force seen by an individual wale shore. 


It includes the maximum earthquake forces and the 
initial compreSSive forces applied by the hydraulic 
jack. 
is the total stiffness of an individual wale shore 
when its rubber cap is operating on its second 
Diremmear Stiffness slope. 

is the maximum horizontal deflection seen by the 
wale shore as determined from the output of 
"SDOFRUB" using the height of the wale shore above 
the keel, AAA, tne rotation angle theta, and tne 


keel horizontal displacement x. 
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٣۲۰۱ئ‎ ۰۱ ٦۲۰0و‎ force, is the initial force applied to 
Halezehorezpy the hydraulic jack to prevent 
separation. 

D, is the initial deflection of wale shore caused by the 
jacking force. 

XEL is the elastic limit deflection where the wale shore 
Sr ness Changes slope. 

AS the cross sectional area of the rubber cap of the 
kale Snore. 

Y ur D-gwcestress at whichothe rübber9cap changes 
ک5‎ ۲1٦5507765 ٠ 

SIS ThE TOTAL] Stiffness of an individual wale shore 
when its rubber cap is operating on its first 
bilinear stiffness slope. 

S The final check for buckling requires that XJ .. 1S 
Шог тог Іп огйег to meet this requirement 
and maintain a reasonable wale shore size the number 
of wale shores has to be increased to 14. Table 8.1 
lists the parameters obtained for the final high 
stiffness wale shore design which satisfies the 


рое у па Criteria. 
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Table 8,1 


FINAL HIGH STIFFNESS DESIGN WALE SHORE 


PARAMETERS 
# wale shores: l4 per side 
Section: 27x14 WF 145 mild steel 
75: 3.09 inches 
Length (Le): 385 inches 
Le/ 7; 123.3 
ks': 134.15 kips/in 
ksp': 437.51 kips/in 
XEL: 0.36 inches 
(mes 9095 psi 
qe š 13500 psi 
Fy: 138.79 kips 
DS 0.57 inches 


It is assumed that during the earthquake the wale shore 
Stiffness remains equal to ksp'. The wale shore is designed 
so that there is a large enough rubber cap and enough initial 
compression supplied by the jack so that the wale shore never 
loses contact with the submarine during maximum horizontal 


displacement and rotation during the earthquake. 
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Eecscoptioncof the High Stiffness Solution 


بے ص а‏ 





тенисом iS а 2р drawing of the recommended high 
stiffness submarine dry dock blocking system solution. This 
Bobution  SUrvives 72 % (0.32 g's) of the 1940 EI Centro 
earthquake and 75 % (0.34 g'S) of the normalized dry dock # 2 
earthquake. The design includes the following features: 

l. Wa le Snores Sane placed directly over the side 
Sec POSITIONS ata position halt the diameter of 
the submarine up from the keel. They are attached 
to the dockside by a hinge-pin-jack assembly as 
shown in figure (8.2). Cables are used to support 
спа а таз те the wale shores, 

2% Each Wale shore is 32 feet long. пасте 
describes the steel section used. A three inch 
rubber cap is placed between a backing plate and the 
Submarine hull. A 70 ton jack is used to pre- 
conpress (пе wale shore against the submarine to 
prevent separation during the earthquake. 

d The keel and side concrete blocking piers are 
НЕНІ attached to the dry dock floor to prevent 
overturning. 

4. A steel carriage is rigidly attached to the caps and 
concrete blocking Piers to prevent sliding. It also 
ties the system together longitudinally. 

E Aone inch rubber cap iS usea оп top of the steel 


carriage to help prevent liftoff. 
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The  "S3DOFRUB" program could not completely model this 
estem directly. Therefore, a few changes to the data file 
are required to simulate this system. First, the keel and 
side block widths are made extremely wide to simulate rigid 
attachment. In ааа Ышы тле block Vonemblock friction 
coefficient amade extremely high to simulate the caps’ rigid 
attachment to the steel carriage. The stiffness of the wale 


shores is assumed to remain on the second stiffness slope. 


9.2 Response of the High Stiffness Solution 

Ncc Spense plots analyzed in this section for the high 
stiffness solution are due to excitation by 72 % of the 1940 
Eee Centro earthquake. тре агага ٣۶۲6۹0167106168 оя те штето 
stiffness cre So high that both the 1940 El Centro 
and the normalized dry dock # 2 earthquake produce similar 
levels of survivability (72% and 75%). This is an indication 
that the procedure used in section 6.1 to normalize the dry 
dock # 2 earthquake with the 1940 EI Centro earthquake was 
pone correctly. The 1940 El Centro earthquake is used to 
Produce the output plots because it has higher frequencies and 
produces a lower level survivability: therefore, it is the 


more conservative earthquake to use in analyzing the high 


stiffness design. 


Figure (2,3) is a plot er dam keel horizontal 


displacement relative to the dry dock floor as a function of 


[3 





mme. This plot shows that the high stiffness solution has 
relatively small horizontal displacements associated with it. 
However, the displacements are high in frequency and have 
abrupt transitions which means the submarine is experiencing 
fame velocities and accelerations. This ou pus os y 
coupled to the horizontal earthquake excitation shown in 


zigure (6,6). 


These high accelerations can be seen in the keel block 
٣۰٠۰٠٠۰٦١٦٦” force versus time plot in figure (8,4). The high 
Thess solution has keel Block horizontal forces which are 
K Than the low Stiftmess forces described in chapter 7 by 
an order of magnitude. Figure (8.5) shows the rotational 
response of this system. This figure is a plot of the systems 
rotation about the keel versus time. This plot snows that the 
rotations are relatively small as is expected with use of wale 
5٦۳6۲6۰ Eraure Б пси Thal the vertical displacement is 
coupled with the earthquake's vertical acceleration as is the 
case for low stiffness solution. Figure (5.7) is a plot o£ 
the left wale shore deflection versus time, In this figure, a 
positive deflection is compression and a negative deflection 
is expansion. The maximum amount of expansion the wale shores 


are designed to withstand is 0.57 inches. 


130 





cese د٦6‎ ١3ق‎ 


ахепрбузлед олзџод 13 OP6T JO $ ZL 
Əu TL °SA 

jueueoerderq TeE4UOZTAIOH ХЭОТЧ ТЭЭХ 
UOTINTOS SSIUJJTAS UDTH 


(235) 3/41 
02 81 91 vl al 0! 8 9 p 


۷ ШП ШИ; ІШІ | | | | 
ШІ ШИ 





аячпбньчча OHLNS3O 273 ОРбТ 40 CL 


ЗИМ SA IX  LS# NILSAS 


ІН ІШПЕ 


N 


ОЕ 


2102 


80 0— 


90 0- 


%00- 


20 0— 


С) 


200 


O0 


900 


800 


(м) INIA3IWIISIO TAX 


1272 





Ра 73 


a2xenby1183 011429) [3 OP6I JO X ZZ 
9UIIL 6л 

Э21О04 181Ч40214ОН X2OIGH [99M 
UOTINTOS 559433115 ЧбТН 


(235) JN 
02 8l 91 ۲ 21 ol 8 9 Y 2 


| ІШІН Al | 11) ІШ, ЕЛ 


"ШИН Tn | | Me 





d4vnOHJLHV3 OHJLNS3O 'I3 Ot6! 40 202 


jWNIL SA LM LS# W3ISAS 


(spupsnou|) 
db) 3ONVISIS3M IM 


„~ 
> 


( 


1-5 





S'g eJunbrJ 


oxenbuiadeg oad3u92 [3 OP6l JO % ZL 
SUTIL *SA UOTIBIOY UOTINTOS SS2UJJTIS UDIH 


(93S) 3W1 
Oc 81 91 ғ! al ol 8 9 t 


с! 


ES М 


АЛА O Очу ІШЕ | WV‏ مم 





INYNOHLAWI OYLNID “TIA ١۶6۲٤ 402024 


EINE AS 


910 O= 
”00- 
ШАТ 
LOQ- 

800 0— 
20005 
?О000- 
200 0- 


20090 
+000 
9000 
8000 
LO'O 

2100 
IO O 
9100 


(SNWIOWY) LL 


139 





9*g ounbIrJ 


a3xenby3183 01314292 13 OP6TI JO & ZZ 
әш, “ел jyuəuəƏSeI[dsiIG 162111Э9Эл X2O[H [99M 


UOTINTOS 659033145 UDIH 
(235) JWI 


N 


Oc 81 91 ri el Ot g 9 + 


0 ۷ Ji | hil Ji x | x x pss 
ШІ!!! Г 
| 0 


IMV OOH 1 ٢3٢3 OYXLN3GD 73 OF6T jO XZL 


2 1200 





COS 


st o= 


сЕ 


S0 0— 


o 


ё О 


(м) 1930932148518 LA 


140 





#48 олпбта 


әхепіціЛеЯ о134ЧӘ2 ІЗ ОР6І JO % ZZ 
әш “Бл queueoe[dsiq “2ІЛОоН 9e3Jous eres 
ЧОТ3ОТО05 669:413115 Ч61Н 


(93S) JW 


Oc Bt 81 pl сі Сі 8 9 + с 9 


u 
Q 
| 


ай! 
па 
| 


22 
С 


“1 
C 





79 
e 


АМУПОНЇНУЗ ОМЧЗЭ 13 0961 222 


JANIL SA 3AlJdX SM ISZ WILSAS 


(NI) 3WNhHd X ٭ نبا3‎ ۸ 


141 





AS seen in figure (8.7), the wale shores do not deflect 
beyond the maximum expansion limit. Therefore, no Separation 
of the wale shores from the submarine occurrs during this 
earthquake. Without precompression by the jacks, the wale 


shore would have separated from the submarine. 


The forces on the left side blocks, keel blocks, and 
right side blocks are shown in figures (8.8 through 8.10) 
Respectively. In these three figures, at time zero the total 
force on all three blocking systems is the weight of the 
Submarine. The keel block system's load is 12000 kips (70 €), 


snd each Side block system's load is 2300 kips (15 %). 


me Side block force is mostly due to rotation of the 
Е асас ипе as can be seen by its similarity to figure (8.5) 
which is the plot of system rotation. The right and left side 
block plots are 180 degrees out of phase. The forces on the 
нэ те 0ёег то а combination of Static load and vertical 
displacement. As is the case with vertical displacement, the 
keel vertical forces are coupled with the vertical earthquake 


excitation. 
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Enews adisplacements of the left side blocks, keel blocks 
Ag nt Side blocks are shown in figures (8.11 through 8.13) 
respectively. At time zero, the plots represent the static 
deflection caused by the submarine's weight. All three 
systems initially have the same displacement. The sein eer 
displacement iS approximately 0.38 inches into the rubber cap. 
mse static displacement is only about one-third of that for 
memon Stiffness solution which Паз 6 inch rubber caps 
instead Of 1 inch. The plots show that liftoff does not 
occur; however, for the left side block system liftoff came 
within 0.01 inches of occurring. The right side block system 
ENScEame witbin 0,01 inches Of liftoff. Even though the high 
stiffness solution is closer to side block liftoff than the 
low stiffness solution, Since the range of displacement of 
side blocks is much less for the high stiffness solution the 
ОШ ОО lity of liftoff for both solutions is approximately 


the same. 


Finally. figures (8.14 through 8.16) show the bilinear 
behavior of the rubber caps. The plots show that the keel 
blocking system starts out and remains on the second rubber 
bilinear stiffness slope. For the side blocks, the plots show 
that both sets of side blocks experience both rubber bilinear 
stiffness slopes. Figure (8.16) shows how close the right 
side block is to lifting off. This is reasonable considering 
failure occurs at a one percent higher earthquake magnitude 


due to side block liftoff. 
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CHAPTER 9 


SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 


------- = ہے‎ —— —— Q а С  ........... 
لے کات اس ام - نتت ت س س د‎ - e 


This thesis described the development of the three degree 
of freedom submarine drydock blocking system design package 
based on the  "3DOFRUB" computer program. The differential 
equations of motion are developed to include the effect of 
high blocking systems and wale shores. The sliding failure 
eae 1S modified to more accurately take into account the 


erreets of cap angle. 


А case study is undertaken involving the "earthquake 
Ап гаттпте оғ the 255 Leahy (CG-16) while in a graving 
dock at Long Beach Naval Shipyard. This study verifies the 
accuracy and usefulness of the "3DOFRUB" program. A 
parametric study is conducted to determine the effects of wale 
shores, isolators, and block stiffness and geometry variations 
on system survivability. The effects of using earthquake 
acceleration time histories with differing frequency spectrums 


enen Stem Survivability is studied, 


Pierenseüöbmarine drydock blocking Systems are studied 
using linear wood caps, bilinear wood caps for two different 
earthquakes, and one inch bilinear rubber caps. None of these 


BS covem=sssUmvive to dry dock failure (0.26 g's) or even met the 
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Шома у Cabthquake acceleration survivability criteria (0.20 
B S). IMIS SNOWS that current 2,6. Navy Submarine drydock 
blocking systems are inadequate to survive expected 
earthquakes. Figure (9.1) lllustrates the survivability 


levels of the various systems studied. 


n uEdesronosolutrions. are found that met the dry dock 
failure requirements. The low stiffness solution uses dynamic 
ШОШ c sani rúubber caps, and the highs stiffness solution 
uses wale shoreS and rubber caps. The survivability of these 
two Solutions when excited by the 1940 El] Centro Earthquake is 
mlotted іп figure (9.2). This figure also includes the 
EXE ари ТУ or submarine system 1 uSing linear and bilinear 
wood, one inch rubber caps. and dynamic isolators. Both of 
the solutions have the same survivability level, and provide a 


reasonable margin of safety over the dry dock failure level. 


154 





COMPARISONS 


ہی 
O‏ 


SURVIVAL 


SIGMAN BILINEAR LINEAR RUBBER DD2 


100% 


] 
ela eT ef pf 
ооо. 


V 


¿DA 

Ge VME ALA 

Ооо КЕ 
029 


222) 

ке a 

A ап 
ЕИ A 
A و‎ 
222.09 
لك‎ 


[| до 2 
er ee 
555655555555 
p лас а ZH 
e 


DRYDOCK FAILURE 


LA.) 

AA AA EE Л 
SSA ھا سا ھا کا گا ھا کا‎ 

Esp A 


ا ہم ےہ 

iu Z A LIA ILE LEA 
E eA 
0 


کک 
A]‏ ر ر ر کے 
ақық аа ыхы м‏ 


Бо, ч TS OS | 
«A 

ті 

гс‏ یتح 
AAA‏ 
INES NA‏ 


تج 
ار 
ES SS SN‏ 


BOZ - 
702 
602 

O 
40% 
30 

Ü 


QOGAIAHDS 3x»v^nOHLHwv3 LN3OH3dgd 


155 


11 


10 


DXX] 002 


RUB 


82 


LIN 


% 


SUBMARINE SYSTEM NUMBER 


NN Bit 


SIG 


та 


FIGURE 9.1 





2'6 380913 


(YANIT) 
31vM/8N3..1 0/2۹9 MOIV1OSI 33880 „I УУЗМ ПІВ ) 5 


HOTEL ۸ ۷[ 


۲۷0۱۶۷۷ ۷0ل‎ ۸۱۱۱۱٢۰۷۸۱۸۳۰15 


1١٣٣۳‏ 1+ )ےٹک 





O31N39 73 0#61 ОЗААЧЯП5 2 


(6 





Sa conclusions 


Boch, Of thesdesidgn sedNgtions survive beyond the dry dock 
failure level; however, each of the designs have their own 
advantages and disadvantages. GU SCS SIS a comparison 
Between the keel block displacements for the wale shore 
Euren and the isolator solution when excited by their 
K. 065100 earthawakes, It is evident from this figure 
that the wale shore solution virtually prevents the submarine 
Nun ng horizontally relative to the dock floor. The 
isolator solution allows relatively large horizontal 
displacements to occur. Figure (9.4) is a comparison of the 
(ог Of these two systems. Again: the wale shores are 


moedguerng movement. 


The primary difference between the two design solutions 
iS illustrated in figure (9.5). mis figüre iS a Comparison 
between the side block horizontal forces experienced by each 
Solution. AS seen in this figure, the wale shore system 
experiences forces which are an order of magnitude higher than 


those seen by the isolator solution. 
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Figure 9.3 


158 





T! (RADIANS) 


T1! (RADIANS) 


SY SIEM SIE 
72Х ОҒ 1940 EL CENTRO EARTHQUARE 


0.012 
0.011 
001 
0.009 
0.008 
0.007 WALE SHORE SOLUTION 
0.006 
0 005 
0.004 
0.003 
0.002 
0.001 


-0.001 
-0.002 
-0.005 
-0 004 
-0.005 
-0.006 
-0.007 
-0.008 
-0 009 И Ме ШО лт гу тр ут IO RA ETT 

0 2 4 6 8 0 12 14 16 18 20 





TIME (SEC) 


SYSTEM 4 893 T1 VS TIME 


63% OF NORMALIZED 002 EARTHQUAKE 


0.012 
0.011 






ISOLATOR SOLUTION 


00) | All | 
E Ш ۷ 


TME (SEC) 
Rotation vs. Time Comparison 


High Stiffness Solution 
and Low Stiffness Solution 





Figure 9.4 
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Figure 9.5 
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The forces seen by the wale shore solution are also much 
more abrupt and higher in frequency. AS expected, the wale 
shore solution very closely follows the earthquake. The wale 
Enore high stiffness solution almost rigidly attaches the 
submarine to the dry dock. Therefore, personnel and equipment 
inside the Submarine will experience the full acceleration 


magnitudes of the earthquake. 


The isolator solution nearly uncouples the submarine from 
the dry dock so that the submarine remains almost fixed in 
space while the dry dock vibrates beneath. The accelerations 
experienced by the submarine are an order of magnitude less 
than the earthquake accelerations. піс .بب‎ у 
improves the safety of personnel and equipment inside the 
Submarine. Even though submarines are designed to withstand 
large shock factors, when a submarine is in dry dock much of 
its equipment and machinery may be open for repairs. In 
addition, the shocks “accompanying an earthquake may last well 
over one minute as opposed to the very short duration of a an 


explosion shock wave. 


Both of the design solutions can be constructed; however, 
there are some cost and interference concerns. The wale shore 
Selution will interfere with access to the dry dock to some 
degree, although the wale shores could be used as utility runs 
and staging platforms. This solution's impact on the dry dock 


itself iS non trivial. The installation of 28 hinge 
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безепррјез along the dockside will 


modification. In addition, the 


floor attachment fixtures are 


meydocking practices and will require 


Senstlruction efforts. 


Most 
and dry dock are within the 
accomplish. After 


many additional manhours 


Shores, 


reasons while still meeting the 


use of the steel carriage and rubber 


hours required to 


of the system would be locked into 


would be easier and faster 


with cranes. The use of rubber and 


system is much more reliable than the 


Fir. 


The isolator solution may be the 


ame to the large number and high 


isolators. However, tnis solution 


interference anda substantial 


and equipment safety. The actual 
۶۶۰۴6 
carriage, but significant changes will 
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Steel carriage 
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significant design and 


of the modifications required to the blocking system 


Of shipyards to 


a drydocking evolution has been completed, 
will be required to install the wale 


eme vale Shore pel Side can be removed" for production 


The 
caps might reduce the 
The measurements 
and it 
this blocking system 
IN ThE 


steel DIOCKING 


present oak and Douglas 


more expensive solution 


cost of the dynamic 


less production 


increase in submarine personnel 


7775-1۰۳۷۹۷۹٢  ) 6 


will be limited to the cross-connections of the steel 


still be required to 





the dock floor to allow rigid attachment. Again, the use of 
men Steel carriage and rubber caps should reduce the layout 
time of the drydock blocking system. Even though the 
submarine may move up to six inches horizontally during an 
earthquake using isolators, this motion is acceptable if 
۰۰۰0716۲6 precautions are taken in rigging services ала 


platforms. 


Considering the almost certain occurrence of a major 
earthquake in the proximity of a U.S. Naval shipyard where 
ESubmarines can be drydocked within the next 20 years, the 
expeditious incorporation of one of these design solutions 


mO U.S. Navy aryaocking standards is strongly recommended. 


9.2 Recommendations for Further Study 


It is highly recommended that the following areas be 
investigated to further verify the feasibility of the proposed 
designs: 

1 Study the effect of the wide range of existing wood 
blocking material properties on pier stiffness using 
statistical analysis. 

2. Conduct additional testS on wood blocking materials 
to determine their properties when loaded at angles 


Пе (спе grain normally seen in а blocking system. 
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Conduct testS on rubber cap material in order 
determine its stiffness and rigidity behavior under 
biaxial loading. 

The specific dynamic isolator and the associated 
Sliders required for the low stiffness solution need 
Tobe designed 7 7۰ 

The steel carriage assembly for both solutions needs 
to be designed. 

The required dry dock structural modifications need 
to be determined. 

The design solutions need to be verified using model 
tests employing shaker tables and scale models. 

A detailed earthquake site specific study needs to 
be accomplished. This would Include the 
instrumentation of all graving docks susceptible to 
earthquakes in order to increase the data base. The 
proposed designs should be checked against a full 
range ои ۶۶6۴۹٣ ۴ہ‎ ۲٠٢ ت6٣ ۰ح‎ acceleration time 
es OG Les. 

Surface ship blocking systems need ۶07۲6۴ 
examination. This should include modeling the 
ер ту “inherent im «surface ships. The problem 
Sí surface ship's Significant longitudinal block 
loading distribution should, also ре taken Into 


account- 
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етике final design solution for use in Navy dry docks 
should also take Into account спе longitudinal 


excitation and response of the blocking system. 
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APPENDIX 1 


"3DOFRUB" Computer Program Listing 
"ACCLINPT","BILINALL","RUBBER", and 
"RESPALL" Subroutine Listings 

Sample Input Data File and Output File 
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“3DOFRUB" Computer Program Listing 


В Page 1 
08-75 | 
16:50:34 
D Lineg 1 7 Microsoft FORTRAN77 V3.20 02/84 
1 
2ustitle: ’3DOFRUB’ 
3 $nofloatcalls 
4 $storage: 2 
5 
a ا‎ ee o o 
7 
8 C NON-LINEAR THREE DEGREE OF FREEDOM SYSTEM RESPONSE 
9 C USING FOURTH ORDER RUNGE-KUTTA METHOD 
10 С AND BILINEAR VERTICAL & HORIZONTAL STIFFNESSES 
ИС WITH HORZ/VERT ACCELERATION INPUT 
a E AND DISPLACEMENT OUTPUT FILES 
Bn c (INCLUDES WALE SHORE EFFECTS & HIGH BUILDUPS 
14 C AND THE USE OF RUBBER CAPS) 
15 
16 С----------------------------------------------------------------- 
17 
18 
19 integer NN,1,mm,n,hull,nsys,flag10,11 
20 integer flagi, flag2, flag3, flag4, flags, flag6, flag7, flags 
21 integer KY1,KY2,KY3,KY4, WWW1, YYY1, UUU1, WWW2, YYY2, UUU2, WWW3, YYY3 
22 integer UUU3, WWW4, YYY4, UUU4, UUUS, WWWS5, YYY5,decrr 
23 real*8 beta, weight,h, Ik,gravity, AAA,Ks, sidearea,keelarea, plside 
24 real ac(2002),acv(2002),xx(2002),yy(2002),tt(2002),rrr(2002) 
25 realx8 m(4,4),cx(4,4),k(4,4),ko0(4,4),crit2,crit3 
26 real*8 baseside, basekeel,htside, htkeel 
27 real*8 dtau,maxx,maxt,maxy,timex,timet 
28 геа1ж8 rf1,rf2,rf3,hf1,hf2,hf3,ampacc, mass, ampacmax 
29 real*8 kvs, kvk, kvkp, khs, khk, kshp, kkhp, kvsp, base, counter, time 
30 real*8 timel, time2, time3, time4, time5, time6, time”7, time8 
31 кеа t y,xold,told,yold,XSCL(6) 
22 real*8 bbb,ccc, wl2.wl, w22, м2, w32,w3, model, mode3 
33 real*8 mmxl,mmangl,mmx3,mmang3,crit4,alpha,LLL 
34 real*8 timey, mmmmm1, mmmmm2, ommmm3, mmmmm4 
25 геа1ж8 R,S, TAU, A(6),B(6),C(6),D(6),E(6),F(6),G(6), HH(6) 
36 real*8 br,amp,plkeel,ul,u2, XPRIM, VEL 
37 real*8 KU1,KD1,khkb, QD1, XEL1, XMAX1, XMIN1, RE1, 221, W21, VEL1 
38 real*8 KU2,KD2, khsb, QD2, XEL2, XMAX2, XMIN2, RR2, 222, WZ2, YPRIM1 
39 real*8 KUS3,KD3, kvsb1, QD3, YEL1, YMAX1, YMIN1, RR3, 223, WZ3, DELTA 
40 real*8 KU4, KD4, kvsb2, YEL2, YMAX2, YMIN2, RR4, ZZ4, WZ4, YPRIM2, VEL2 
41 real*8 KUS,KD5,kvkb, QD4, YEL3, YMAX3, YMIN3,RR5,225,W25, YPRIM3 
42 CHARACTER*40 DEC, DECV, quakname, hname, vname 
43 character*40 sbfname, aclfname, outfname, vfname 
44 
45 
46 
АИС READ IN VESSEL AND DRYDOCK DATA; VESSEL WEIGHT, KG, I( ABOUT KEEL), 
45 C TIME INCREMENT OF DATA POINTS, VERTICAL STIFFNESS OF SIDE AND 
49 C KEEL PIERS,HORIZONTAL STIFFNESS OF SIDE AND KEEL PIERS, 
50 С GAVITATIONAL CONSTANT, SIDE BLOCK BASE AND HEIGHT, 
SI C KEEL BLOCK BASE AND HEIGHT, 
52 C BLOCK-BLOCK AND BLOCK-HULL FRICTION COEFFICIENTS, 
Бо С SIDE AND KEEL BLOCK’S PROPORTIONAL LIMIT, 
бл С SIDE PIER-VESSEL CONTACT AREA, KEEL PIER-VESSEL CONTACT AREA, 
> C CAP BLOCK INCLINATION ANGLE. 
5 
O OPEN INPUT FILES AND READ DATA 
58 
59 write(*,’(a)’) * ENTER SHIP/BUILDUP FILE NAME ... ? 
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D Line# 1 ? Microsoft FORTRAN77 V3.20 02/84 
80 read(*,'(a)') sbfname 
61 
62 open(4,file= sbfname,status=’old’, form=’ formatted’ ) 
63 
64 read(4,*) weight,h, Ik, kvs,kvsp, КУК, AAA, Ks 
65 read(4,*) khs, khk, kshp, kkhp, QD1, QD2, QD3, gravity 
66 read(4,*) baseside, basekeel,htside,htkeel,ul,u2 
67 read(4,*) br,plside,plkeel,sidearea,keelarea,zeta ۱ 
68 read(4,*) hull,nsys, beta, QD4, kvkp 
69 CLOSE (4) 
70 
21 write (*,*) ’DO YOU WANT RESPONSE OUTPUT FILES? (Y OR N)’ 
72 read(*,’(a)’) dec 
ms Pre .aec.eq. Y Jor.dec.eq.’y’) then 
74 arite (7t) INPUT DESIRED RESISTANCES4OUTPUT: (1,2,3,4,5)' 
5 write(*,*) 'KEEL HORIZONTAL FORCE = 1? 
76 write(*,*) 'SIDE BLOCK HORIZONTAL FORCE = 2’ 
77 write(*,*) 'LEFT SIDE BLOCK VERT FORCE = 3’ 
78 write(*,*) ’ RIGHT SIDE BLOCK VERT FORCE = 4’ 
79 write(*,*) 'KEEL BLOCK VERTICAL FORCE 20057 
80 read(*,*) decrr 
81 endif 
82 
83 de 12 -1=1, 3 
| 84 36 2151,3 
2 85 m(1,3J)=0.0 
2 86 ھ ۸-۸“ ۶ھ‎ ّ 9ٰ ٥ 
2 87 +0 0,4 
2 88 kom 1)-0.0 
2 89 13 continue 
1 90 12 continue 7 
91 
92 
РУС CALCULATE SYSTEM PARAMETERS 
94 
95 mass=weight/gravity 
96 LLL=saqrt( (htside-htkeel ) **2DO+(br/2DO)xx2DO) 
97 alpha=sasin((htside-htkeel)/LLL) 
98 
99 m(1,1)=mass 
100 m(1,3)=h*mass 
101 m(2,2)=mass 
102 m(3,1)=mass*h 
103 (3: 1)-1к 
104 
105 k(1,1)=(2D0*Ks+2D0*khs+khk) 
106 k(1,3)=(2D0*Ks *AAA+2D0*khs*LLL*sin( alpha) ) 
107 Krası)=k(1,3) 
108 k(2,2)=(2DOxkvs+kvk) 
109 k(3,3)=(2D0*Ks *AAA* *2D0+2D0*khs*( (LLL*¥sin( alpha) )**2D0)+ 
110 + (2D0*kvs*( (LLL*cos(alpha) )**2D0)-(weight*h) )) 
1771 ko(1,1)=k(1,1) 
1202 КӨРІ З3)-К(1,3) 
113 ko(3,1)=k(3,1) 
114 КӘ(221-К(2,2) 
115 kets, 0)=K(3,3) 
116 
INC DETERMINE NATURAL FREQUENCIES OF SYSTEM 
118 bbb--(m(1,1)*k(3,3)*m(3, 3) *kk(1,1)-m(1,3) *k(3,1)-m(3, 1) *k(1, 3)) 
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119 + (m 15 1)*m(3,3)-m(1,3)y*m(3,1)) 

ae Š ccc=(k(1,1)*k(3,3)-k(1,3)*k(3,1))/(m(1,1)*m(3,3)-m(1,3)*m(3,1)) 

122 

Jo С NATURAL FREQ. MODE #1 

124 

125 wl2-z(-bbb-sqrt(bbbx*2-4DO*cco))/2DO 

126 wl=sqrt(wl2) 

127 

128 C NATURAL FREQ. MODE #2 

129 

130 w22=k(2,2)/m(2,2) 

131 w2=sart(w22) 

152 C NATURAL FREQ. MODE #3 

133 

134 w32=(-bbb+sqrt( bbb**2-4D0*ccc) )/2D0 

135 w3=sqrt(w32) 

136 

134250 MODE SHAPE #1 & #3 

138 

139 model=(m(1,3)*xw12-k(1,3))/(-m(1,1)*w12+k(1,1)) 

140 mode3=(m(1,3) *w32-k(1,3))/(-m(1,1)*w32+k(1,1)) 

141 С DETERMINE C117€C13,C31,C33 

142 mmx1=m(1,1)+m(1,3)/model 

143 mmangl=-model*m(3,1)+m(3,3) 

144 mmx3=m(1,1)+m(1,3)/mode3 

145 mmang3=mode3xm(3,1)+m(3,3) 

146 mmmmm1=2DO*zeta*mmx1xwl 

147 mmmmm2-2DO*zetaxmmx3*w3 

148 mmmmm3=2D0*zeta*mmang 1 *wl 

149 mnommm4=2D0*zeta*mmang3 *w3 

150 

151 

152 

153 

154 

155 cx(1,3)-(mmmmml-mmmmm2)/(1/model-1/mode3) 

156 cx(1,1)=mmmmmi -(cx(1,3)/model) 

157 cx(2,2)-2DO*zeta*m(2,2)*w2 

158 cx(3,1)=(mmmmm3-mmmmm4)/(model-mode3) 

159 cx(3, 3)=mmmmm3-(cx(3,1)*model) 

160 

161 

15276 READ IN ACCELERATION DATA 

163 

164 CALL ACCLINPT( amp, ac, acv,dtau, quakname, hname, vname) 

165 

166 С ESTABLISH FAILURE CRITERIA AND FLAGS 

167 

168 erıt2=mın (ul,u2) 

169 crit3= (6.6D-1*baseside-1.2D1)/htside 

170 crit4=basekeel/(6DO*htkeel) 

171 ampacc=1D0 

172 counter=-0. 0 

273 ampacmax=0.0 : 

174 10000 continue 

175 write(*,*) ampacc 

176 flagl-O 

177 flag2-0 
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D Lines 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
224 
228 
229 
230 
231 
232 
233 
234 
235 
236 


100 


7 : 
flag3-O Microsoft FORTRAN77 V3. 


flag4=0 
flag5=0 
flag6=0 
flag7=0 
flag8=0 
flag10=0 
maxx=0.0 


B 


CO O r= t= => O O O II! 
OOOI I II O OO 
ооо 


3 (n J ct < X ct < Қ 
> Ií II O O O Il Il I 


o 


INITIALIZING BILINEAR VARIABLES 
INITIALIZING DELTA 


if (kvs.eq.kvsp) then 
1ء‎ О 
elseif (kvs.ne.kvsp) then 
YEL1=QD3/(kvs-kvsp) 


endif 
if (kvk.eq.kvkp) then 
VELS=0.0 


elseif (kvk.ne.kvkp) then 
YEL3=QD4/(kvk-kvkp) 
endif 
DELTA=weight/(2D0*kvs+kvk) 
if (QD3.ge.0.0.or.QD4.ge.0.0) then 
kvsbl=kvs 
kvkb=kvk 
goto 100 
endif 
IR DELTA. It. YEL3. and. DELTA: lt. YEL1) then 
kvsbl=kvs 
kvkb=kvk 
elseif (DELTA. ge. YEL3.or.DELTA. ge. YEL1) then 
kvsbl=kvsp 
kvkb=kvkp 
DELTA=YEL3+(weight-(YEL3* (2D0*kvs+kvk)))/(2D0*kvsp+kvkp) 
endif 


continue 
INITIALIZING KEEL HORIZONTAL STIFFNESS 


KU 1=khk 

KD1=kkhp 

khkb=KU1 

if (QD1 .eq. 0.0) goto 101 
Ю МТГ-0 
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D Linet 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
255 
266 
257 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
ЖЕН! 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 


101 


102 


103 


7 Microsoft FORTRAN77 V3. 


XEL1=QD1/(KU1-KD1) 
XMAX1=0.0 
XMIN1=0.0 

RR1=0.0 

221-0.0 

WZ1=0.0 

WWW1=0.0 

ҮҮҮ1=0.0 

UUU1z0.0 


continue 
INITIALIZING SIDE BLOCK HORIZONTAL STIFFNESS 


KU2=khs 

KD2=kshp 

khsb=KU2 

TA OP eq. 0.0) goto 102 
KY2z0 
XEL27QD2/ ( KU2 -KD2) 
XMAX2=0. 0 
XMIN2=0.0 

RR2=0.0 

1222-0193 

2-0 9 

WWW2=0.0 

nun2-0.0 

0002=0.0 


continue 
INITIALIZING LEFT SIDE BLOCK VERTICAL STIFFNESS 


FÜ3=kvs 
KD3=kvsp 

1: (003 ва. 0.0) «Reto 103 
кузго 

ҮМАХ1=0.0 
YMIN1=0.0 
RR3=kvsb1*DELTA 
223-089 

WZ3=0.0 
WWW3=0.0 
Жүзе, 0 
)0)0 0 0 


continue 


INITIALIZING RIGHT SIDE BLOCK VERTICAL STIFFNESS 
KU4=kvs 

KD4=kvsp 

kvsb2-kvsbl 

if (QD3 .eq. O.0) goto 104 
KY4zO 

YEE2Z=YEL1 

UMANE IO. 

YMIN2=0.0 

RR4=kvsb2*DELTA 

224-070 


E23 
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D Line# 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
211 
212 
313 
314 
319 
316 
317 
218 
319 
320 
221 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
3938 
336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
391 
352 
333 
354 
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Таһа US CPUS R9 ہے‎ 


104 


105 


106 


107 


C 
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WZ4=0.0 
WWW4=0.0 
77۲4-0 О 
UUU4=0.0 


continue 

INITIALIZING KEEL VERTICAL STIFFNESS 
KUS=kvk 

KD5=kvkp 

if (QD4.eq.0.0) goto 105 
KY5 O 

YMAX3=0.0 

YMIN3=0. 0 

RR5=kvkbx*DELTA 

229-030 

WZ5S=070 

WWW5=0.0 

20" ۹ء‎ ْ оО 

0005-90 

continue 


IMPLEMENTATION OF EQUATIONS OF MOTION INTO THE 
RUNGE-KUTTA FORMULUS 


do 301,1=1, 2000 

CALCULATE BILINEAR STIFFNESS AND RESISTANCE 
CALCULATE KEEL HORIZONTAL BILINEAR STIFFNESS 
if (QD1 .eq. 0.0) goto 106 


CALL BILINALL(x,S, khkb, RR1,KD1,QD1,KU1, XEL1, XMAX1, XMIN1, 
AL, Z21,WZl,WWW1,YYY1,UUU1) 


continue 

CALCULATE SIDE BLOCK HORIZONTAL BILINEAR STIFFNESS 
XPRIM=+x+LLL¥t*sin( alpha) 

if (QD2 .eq. 0.0) goto 107 
VEL=+S+LLL*TAU*sin( alpha) 


CALL BILINALL ( XPRIM, VEL, khsb, RR2, KD2, QD2, KU2, XEL2, XMAX2, XMIN2, 
220 0000722: WZ2., WWW2, YYY2, UUU2) 


continue 
CALCULATE LEFT SIDE BLOCK VERTICAL BILINEAR STIFFNESS 
YPRIM1=-y-t*LLL*cos(alpha)+DELTA 


if (QD3 .eq. 0.0) goto 108 
ШІ (003 .gt. 0.0) then 


174 








D 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 370 
1 371 
1 372 
1 373 
1 374 
1 275 
T 376 
1 377 
1 378 
1 379 
1 380 
1 381 
1 382 
1 383 
1 384 
1 385 
1 386 
1 387 
1 388 
1 389 
1 390 
1 391 
1 392 
1 393 
1 394 
1 395 
1 396 
1 397 
1 398 
1 399 
1 400 
1 401 
1 402 
1 403 
1 404 
1 405 
1 406 
1 407 
1 408 
1 409 
1 410 
1 411 
1 412 
1 413 
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108 


109 


110 


Т Microsoft FORTRAN?7 V3. 
VEL1z-R-TAUXLLL*cos(alpha) 


CALL BILINALL(YPRIMI1, VEL1, kvsb1, RR3, KD3, QD3, KU3, YEL1, YMAX1 
YMIN1,KY3, 223, W23, WWW3, YYY3, UUU3) 


elseif (QD3 .1t. 0.0) then 

CALL RUBBER( YPRIM1, kvsb1, RR3,KD3, QD3, KU3, YEL1) 

endif 

continue 

CALCULATE RIGHT SIDE BLOCK VERTICAL BILINEAR STIFFNESS 
YPRIM2=-y+t*LLL*cos(alpha)+DELTA 


if (QD3 .eq. 0.0) goto 109 
if (QD3 "ct. 0.0) then 


VEL2--R*TAU*LLL*cos(alpha) 


CALL BILINALL(YPRIM2, VEL2, kvsb2, RR4, KD4, QD3, KU4, YEL2, YMAX2 
YMIN2,KY4, 224, WZ4, WWW4, YYY4, UUU4) 


elseif (QD3 .1t. 0.0) then 

CALL RUBBER( YPRIM2, kvsb2, RR4, KD4, QD3, KU4, YEL2) 
endif 

continue 

CALCULATE KEEL VERTICAL STIFFNESS 
YPRIM3=-y+DELTA 


if (QD4 .eq. 0.0) goto 110 
if (QD4 .gt. 0.0) then 


CALL BILINALL(YPRIMS3,-R, kvkb, RR5, KD5, QD4, KU5, YEL3, YMAX3, 
YMIN3, KY5, ZZ5, WZ5, WWWS, YYY5, 0005) 


elseif (QD4 .1t. 0.0) then 
CALL RUBBER( YPRIM3, kvkb, RR5, KD5, Q@D4, KUS, YEL3) 
endif 


continue 


RECALCULATION OF DELTA 


if (QD3.ge.0.0.or.QD4.ge.0.0) then 
DELTA=weight/(2DO*xkvs+kvk) 
goto 120 

endif 
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D 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
| 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
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Line# 1 


414 
415 
416 
417 
418 
419 
420 120 
421 
422 
423 
424 
425 C 
426 
427 
428 
429 
430 
431 
432 
433 
434 111 
435 
436 
437 
438 
439 
440 
441 
442 


Oj 11 5 
: Microsoft FORTRAN?77 V3.20 62/84 
if (kvkb.eq.kvk) then =. .20 02/84 


DELTA=weight/(2DOxkvs+kvk) 
elseif (kvkb.gt.kvk) then 


DELTA=YEL3+(weight-(YEL3x(2DOxkvs+kvk) ))/(2DOxkvsp+kvkp) 
endi 


continue 


if (QD1.eq.0.0. and. QD2. eq. 0. O. and. QD3. eq. O. O. 
+ and.QD4.eq.0.0) goto 111 


RECALCULATION OF STIFFNESS MATRIX VALUES 


k(1,1)=(2D0*Ks+2D0*khsb+khkb) 

k(1,3)=(2D0*Ks *AAA+2D0*khsb*LLL*sin(alpha) ) 

k(3,1)=k(1, 3) 

k(2,2)=(kvsbl+kvsb2+kvkb) 

k(3,3)=(2D0*Ks *AAA**2D0+2D0«khsb*( (LLL*sin( alpha) )**2D0)+ 
+ ((kvsbl*kvsb2)*((LLL*cos(alpha))**2DO)-(weightxh))) 


DO 3000, 11=0,5 
A(11)=0. 


ооооо 
ооооооо 


НН(11)-0.0 


443 3000 CONTINUE 


444 
445 
446 
447 
448 
449 
450 
451 
452 
453 
454 
455 
456 
457 
458 
459 
460 
461 
462 
463 
464 
465 
466 
467 
468 
469 
470 
471 
472 


302 
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mm=mm+1 

DO 302, NN=1,4 
IF(NN.EQ.1) THEN 
FF=0. 0 

ELSE IF (NN.EQ.2 
FF=5D-1 
ELSE IF (NN. EQ. 4) THEN 

FF=1D0 

ENDIF 

A(NN) =dtau*( R+FF*D(NN-1) ) 

B(NN) =dtau*(S+FF*E(NN-1) ) 

C(NN) =dtaux*( TAU+FF*F(NN-1) ) 

D(NN)=dtaux((-cx(2,2)/m(2,2))x(R+FEx*D(NN-1))-(k(2,2)/m(2,2)) 
+*(y+FF*A(NN-1) )-amp*ampacc*acv(1)/2.54D0) 

G(NN) =dtau*( (-cex(1,1)/m(1,1))*( S+FF*E(NN-1))-(ex(1,3)/m(1,1)) 
+x(TAU+FEXF(NN-1))-(k(1,1)/m(1,1))x(x+FF*B(NN-1)) 
+-(k(1,3)/m(1,1))x(t+FFxC(NN-1))-ampaccxac(1)/2.54D0) 

HHA(NN)=dtaux( ( -cx(3,3)/m(3,3))x*(TAU+FFxXF(NN-1))-(cx(3,1)/m(3,3)) 
+x(S+FExXE(NN-1))-(k(3,3)/m(3,3))x(t+FFxC(NN-1))+(m(3,1)/m(3,3)) 
+x((-cx(2,2)/m(2,2))*(R+FFXD(NN-1))-(k(2,2)/m(2,2))*(y+FF*A(NN- 
+1)))*(t+FF*C(NN-1)) 
+-(k(3,1)/m(3,3))*(x+FF*B(NN-1) ) 
+-(m(3,1)/m(3,3))*ampace*ac(1)/2.54D0) 


.OR. NN.EQ.3) THEN 


E(NN)z(m(1,1) *m( 3, 3) *G(NN) -m( 1, 3) *m( 3, 3) *HH(NN) )/ 
(mis, 6) *m( 1, 1) -m( 1, 3) *m( 3, 1)) 

F(NN) Z(HH(NN) -(m(3, 1) /m( 3, 3) ) XE(NN)) 

continue 
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D Line# 1 7 Micr V3. 
1 473 C DETERMINING SYSTEM RESPONSE ee ONT У а 
1 474 

1 475 »old=y 

1 476 y=yold+(A(1)+2D0*A(2) +2D0*A(3)+A( 4) ) /6D0 

1 477 

1 478 xold=x 

1 479 x=xold+(B(1)+2D0*B(2)+2D0*B(3)+B(4))/6D0 

1 480 

1 481 told=t 

1 482 t=told+(C(1)+2DO*C(2)+2DOxC(3)+C(4))/6DO 

1 483 

1 484 R=R+(D(1)+2D0*D(2)+2D0*«D(3)+D(4))/6D0 

1 485 

1 486 S=S+(E(1)+2DO*E(2)+2DOx*E(3)+E(4))/6DO 

1 487 

1 488 TAU=TAU+(F(1)+2DO*F(2)+2DOxF(3)+F(4))/6DO 

1 489 

1 490 C MAXIMUM VALUES FOR TRANSLATIONS AND ROTATION 
1 491 

1 492 if (abs(xold).gt.abs(maxx)) then 

1 493 timex=dtau*(1-1) 

1 494 maxx=xold 

1 495 endif 

1 496 if (abs(told).gt.abs(maxt)) then 

1 497 timet=dtau*( 1-1) 

1 498 maxt=told 

1 499 endif 

1 500 if (abs(yold).gt.abs(maxy)) then 

1 501 timey=dtau*(1-1) 

1 502 maxy-yold 

1 503 endif 

1 504 

1 505 С CALCULATE VERTICAL AND HORIZONTAL FORCES CAUSED BY VESSEL, 
1 506 C TEST FOR FAILURE 

1 507 

1 508 C CALCULATE FORCES ON SIDE/KEEL BLOCKS 

1 509 if (QD3.eq.0.0) then 

1 510 rfl=kvs*((weight/k(2,2))-yold-(LLL*cos(alpha))*told) 
1 SI rf2=kvs*( (weight/k(2,2))-yold+(LLL*cos(alpha) )*told) 
1 512 elseif (QD3.ne.0.0) then 

1 513 Ре 6. 3 

1 514 rf2=RR4 

1 515 endif 

1 516 

1 517 if (QD4.eq.0.0) then 

1 518 rf3=kvk*( (weight/k(2,2))-yold) 

1 519 elseif (QD4.ne.0.0) then 

1 520 ELS=RRS 

1 521 endif 

1 S22 

1 523 if (QD2.eq.0.0) then 

1 524 hfi-khs*(xold*LLL*told*sin(alpha)) 

1 525 hf2=khs*(xold+LLL*told*sin(alpha)) 

1 526 elseif (QD2.gt.0.0) then 

1 527 hfl=RR2 

1 528 hf2*RR2 

1 529 endif 

1 530 

1 531 if (QD1.eq. 0.0) then 
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557 
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hf3=khk*(xold) 

elseif (QD1.gt.0.0) then 

hf3=RR1 
endif 


TEST FOR SIDE BLOCK SLIDING 


if (flagi.eq.1) then 
go to 400 
ее S Orl rt O. CO and. rfl. gt.0.0 
+ „and. ul*krfl+hfl+u2*rfl*cos(beta)*sin(beta) 
+ -rfixcos(beta)*siní(beta) .1t. 0.0) then 
timel= dtaux( 1-1) 
flagi=1 
elcome (niz.@v.0.0.and.rf2-2t.0.0 
+ .and. -ul*rf2+hf2-u2*rf2*(cos(beta)*sin( beta) ) 
+ +rf2*cos(beta)*sin( beta) .gt. 0.0) then 
timel=dtaux( 1-1) 
۶18 1 
endif 
Xlzxold 
yl-yold 
el-told 
continue 


TEST FOR KEEL BLOCK SLIDING 


if (flag2.eq.1) then 
go to 410 
rise ES. Et.0. 0. and. abs(hf3/rf3).£t.crit2) then 
time2=dtaux( 1-1) 
flag2=1 
endif 
x2-xold 
y2-yold 
t2-told 
continue 
TEST FOR SIDE BLOCK OVERTURNING 


ІТ (flag3.eq.1) then 
go to 420 
БИ МО 0 0 апа rt1.gt.0.0, and.abs(hft1/rf1).gt.crit3) then 
time3= dtaux( 1-1) 
flag3=1 
БЇЇ 200512 ӘС 0.0 апа. гт2. 25 0.0. апа. abs(hf2/rf2).gt.crit3) then 
time3=dtau*( 1-1) 
Шам 3-1 
endif 
x3=xold 
ydsvold 
ts-told 
continue 


TEST FOR KEEL BLOCK OVERTURNING 


if (flag4.eq.1) then 
go to 430 
else if (rf3^"gdt.O.O0.and.Wwbs(hf3/rf3).gt.crit4) then 


time4=dtau*( 1-1) 
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430 


440 


450 


460 
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flag4-1 

endif 

x4 =x6 ld 

y4=yold 

ta=tola 

continue 


TEST FOR SIDE BLOCK LIFTOFF 


if (flag5.eq.1) then 
go to 440 
е БР 1:.0.0 -or. rf2.1t.0.0) then 
time5=dtaux( 1-1) 
flag5=1 
endif 
xhzvold 
y5=yold 
e5 told 
continue 


TEST FOR KEEL BLOCK LIFTOFF 


if (flag6.eq.1) then 

go to 450 

elsemif (rf3.1t.0.0) then 
time6=dtau*( 1-1) 
flag6-1 

endif 

xosxold 

vo vold 

EG=told 

continue 


TEST FOR SIDE BLOCK CRUSHING 


if (flax?.eq.1) then 

go to 460 
else if (rfl.gt.0.0 .and. (rfl/sidearea).gt.plside) then 
flag7 =1 

time7=dtau*( 1-1) 


else 1f (rf2.gt.0.0 .and. (rf2/sidearea).4t.plside) then 
flag7=1 
time7=dtau*( 1-1) 
endif 
2272-1018 
SO La 
Боја 
continue 


TEST FOR KEEL BLOCK CRUSHING 


meet lags .eq. 1) then 

go to 470 
else if (rf3.gt.0.0 .and. (rf3/keelarea).g8t.plkeel) then 
flags =i 

time8=dtau*(1-1) 
endif 
x8=xold 
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679 
680 
681 
682 
683 
684 
685 
686 
687 
688 
689 
690 
691 
692 
693 
694 
695 
696 
697 
698 
699 
700 
ТОТ 
702 
703 
704 
705 
706 
707 
708 


SAA AS ASE AAA ہہ = — = = = = = = = = ہے ہے چے ہے ہے ہے مہہ ہے ے‎ = — = a ps pas ра 


470 


501 


502 


503 


504 


505 


506 


301 


60000 


C 


Page 12 
03-11-88 
T Mi ft FORTRAN? 220224 
280 lcroso 7 N3720 02784 
t8=told 
continue 


CAPTURE OF DISPLACEMENT, ROTATION & RESISTANCE OUTPUT: 


IE decsne "Y'-and-dec.ne.'y*') goto 301 
xx(mm)-xold 

tt(mm)-told 

goto (501,502,503,504,505),decrr 
if (QD1.eq.0.0) then 
rrr(mm)=n£3 

elseif (QD1.gt.0.0) then 
rrrí(mm)=RR1 

endif 

yy(mm)-yold 

&oto 506 

if (QD2.eq.0.0) then 
rrr(mm)=hf1 

elseif (QD2.gt.0.0) then 
rrr(mm)=RR2 

xx(mm)=XPRIM 

endif 

yy(mm)=yold 

goto 506 

if (QD3.eq.0.0) then 
rrr(mm)-rfl 

elseif (QD3.ne.0.0) then 
72, 6ظ‎ 300 0 3 

endif 

yy(mm)=YPRIM1 

goto 506 

if (QD3.eq,0.0) then 
rrr(mm)=rf2 

elseif (QD3.ne.0.0) then 
CCO DD) =RRA 

endif 

yy (mm) =YPRIM2 

goto 506 

if (QD4.eq.0.0) then 
Freimm)=-rf3 

elseif (QD4.ne.0.0) then 
Prr DDI RRS 

endif 

yy(mm)=YPRIM3 


continue 
continue 
go to 999 
continue 
if(dec.ne.'Y'.and.dec.ne.'y') then 
write(*,'(A)') ' I AM FINISHING. ' 


goto 20000 
endif 


CREATION OF DISPLACEMENT, ROTATION, & RESISTANCE OUTPUT FILES: 
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709 
710 
211 
712 
7 13 
714 
715 
716 
717 
718 
719 
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221 
722 
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725 
726 
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71610 
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7393 
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735 
736 
737 
738 
739 
740 
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745 
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749 
750 
+31 
ШЕ 
753 
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795 
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757 
758 
759 
760 
76 1 
762 
763 
764 
765 
766 
767 


998 


999 


4000 
4050 
4100 
4150 


4200 


4250 


4300 


4350 


4400 


4450 


4470 


4475 


4500 


4550 


4600 


4650 


4700 
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CALL RESPALL( xx, yy, tt, rrr,dtau) 
go to 20000 

CONTINUE 

if(ampacc.eq.1DO) then 


write(*,'(a)') ' ENTER OUTPUT FILENAME ..." 
read(*,'(a)') outfname 
open( 46, file=outfname, status=’ new’, form=’ formatted’ ) 


write(46,4000) nsys 

format(1x,/,28x,'x**** System ',I2,1x, '*xxx') 

write(46,4050) hull 

format(ix,7, 30x; ** Hull ',IS3,1x,'x*x') 

write( 46,4100) 

format(1x,//,28x,'* Ship Parameters ж”) 

write(46, 4150) 

format(1x,/,5x, ’Weight’,8x, ’Moment of Inertia’, 9x, ’K.G.’) 
write(46, 4200) weight, Ik,h 

Kormatı 1x,19.1,1x,’kıps’,1x,f11.1,1x, ’kips-in-sec2’, 

3x f6. 1 IA ins’) 

write(46, 4250) 

format(1x,//,26x,’* Drydock Parameters ж”) 

write(46, 4300) 

förmat (Ix /. 1x. Side Block Height’,sx, ’Side Block Width’, 
+3x, ’Keel Block Height’, 3x, Keel Block Width’) 
write(46,4350) htside, baseside, htkeel, basekeel 

Obama tico АБ , lix,fo.l.1x, ins’, lix, £6.1, 1x,’ ins’, 
TOX f6 1 lx, 18S ») 

write( 46, 4400) 

format(1x,/,1x,'Side-to-Side Pier Distance',3x,'Wale Shore Ht.' 
+ ,3x, ’Wale Shore Stiffness',2x,'Cap Angle') 

write(46,4450) br,AAA,Ks, beta 

Pormal ty tow. lx, ins’, 17x, f6.1, 1x,’ ins’ ,8x,f8.1, 1x, 

Tol ps7 an) elo, £5.53, 1%, rad’) 

write(46, 4470) 

format(1x,/,’ 1Side Side Pier Contact Area’ 

+,3x, Total Keel Pier Contact Area',6X,'kkhp') 

write(46, 4475) sidearea, keelarea, kkhp 

Srl SK III, IX Qin2',14x,f11.1.1x,;'1n2',10x,[17.1, 1x, 
+ *kips/in') 

write(46, 4500) 

Gemmatim@rce,, 1x, B/E Friction Coeff’,3x, 

+ BV Bepriction Coeff’, 5x,’kshp’, 10x, ’kvsp’ ) 

write(46,4550) ul,u2,kshp,kvsp 

Norma 6 о ок. 7 ЗОТ, Т Је. kKips/in’, 1x, f7.1, 1x, 

+ "kips/in') 

write(46, 4600) 

format(1x,/,1x,'Side Pier Fail Stress Limit’,4x, ’Keel Pier’ 
+,’ Fail Stress Limit’,6x, ’kvkp’ ) 

write(46,4650) plside, plkeel, kvkp 

Forms ТТ 2 207 Кге/іп2” 15х, Ғ?. 3, Іх, kips/in2’, 

+ GX I7 Ix  kips/in') 

write(46, 4700) 

format(1x,/,1x,’ Side Pier Vertical Stiffness’, 3x, ‘Side Pier’, 


181 





SDOFRUB 


D Line# 


هم 


pa 


4750 


4775 


4780 
4782 


4785 


4800 
4850 
4852 
4854 


4875 


4995 


4990 
4900 
4950 
5000 
5050 
5100 
5200 
5250 
5300 
5400 
5450 
5500 
5700 
6000 


6001 


Page 14 
03-11-88 
16:50:34 
7 Microsoft FORTRAN77 V3.20 02/84 


E Horizontal Stiffness’) 


write(46,4750) kvs,khs 


Formate 3x, t ie, I)xwekıps/in’, 11x ER]. 1,1x, ’Kkips/in’) 
write(46,4775) 
format(1x,/,1x, ’Keel Pier Vertical Stiffness’, 3x, 


+’Keel Pier Horizontal Stiffness’) 


write(46, 4780) kvk, khk 
formar 1,1, Kkips/in ,11x,f11.1,1x, 'kips/in?) 
write(46,4782) 
formado Dx. QDI' ;17x.'QD2', 18x, 'QD3',17x, 'QD4') 
write( 46,4785) QD1,QD2,QD3, QD4 
тогшив 2019 101 "Кіре 57x f8 015 1x,;'kips',8x, TOM, Ix," kips', 


IX TE 1 Ix "Erps') 


write(46,4800) 
format(1x,//,20x,’* System Parameters and Inputs ж”) 
write(46,4850) quakname 

format(1x,/,1x, ’Earthquake Used is ’,A40) 
write(46, 4852) hname 
formarı 1x,/,1x, Horizontal acceleration input is 7,840) 
write( 46,4854) тате 
format(1x,/,1x, ’Vertical acceleration input is ’, A40) 
write(46, 4875) 
format(1x,20x,’ Earthquake Acceleration Time History.’ ) 


write(46, 4995) 
format(1x,/, 1x, ’Vertical/Horizontal Ground Acceleration Ratio’ 


+,3x, ’Data Time Increment’ ) 


write(46,4990) amp,dtau 
format Ix lOs T6. 3, t55, f6.3,1X,” sec’) 
write(46, 4900) 
format(1x,/,1x, ’Gravitational Constant’,3x,’% System Damping’ ) 
write(46,4950) gravity, zeta*100. 
Gormat’ 1, 7x, £5.2, 1x,  in/sec2’, 10x, f6.2, 1x,’ ) 
write(46,5000) 
format(1x,/,25x, ’Mass Matrix’, /) 
doka 1,3 
Yrıtel455050) m(1,1),m(1,2),m(1,23) 
formatelx 1 15. а,ох, #15.4,5х, 215. 4) 
continue 
write(46,5200) 
format(1x, /,25x, ’Damping Matrix’,/) 
do 5300 1-1. 3 
write/(46 5250) сх(1,1),сх(1,2),сх(1,3) 
format(1x Е15 4, 5х, #154, 5х, 215.4) 
continue 
write(46,5400) 
format(1x, /,25x, ’Stiffness Matrix’,/) 
8961۰۰55007 (2193 
write 46,5450) ko(i,1),ko(i,2),ko(1,3) 
format (Is Г15 4 5х, Г15. 4; 5х, Ғ15.4) 
continue 
write(46, 5700) 
format( 1x, //) 
WRITE( 46, 6000) 
FORMAT(1X, ’Undamped Natural Frequencies’ ,t35, ’Mode #1’,t50, 


+’Mode #2’,t65, ’Mode #3’) 


write(46,6001) wl,w3, w2 
format(1x,t31,f7.3, 1x, ’rad/sec’,t46,f7.3,1x, ’rad/sec’,t62,f7.3, 


+’ rad/sec’ ) 
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WRITE(46,6002) 
6002 FORMAT(1X,'Damped Natural Frequencies’,t35, ’Mode #1’,t50, 
*'Mode #2',+t65, "Mode #3’) 
WRITE( 46,6500) wixsaqrt(1l-zeta**2),w3xsqrt(1-zeta**2), 
+w2*sqrt(1-zetaxx*2) 
6500 format(1x,t31,f7.3,1x, ’rad/sec’ ,t46,f7.3,1x,’rad/sec’,t62,f7.3, 
+’ rad/sec’ ) 
endif 


write(46,10500) ampacc*100, quakname 
20500 format(1x,///,1lx,'For Earthquake Acceleration of ',f6.2,' X ' 
*,'of the ”,А40,/) 


write(46,25000) 

25000 format. 1x, Maximums/Failures’,t26,’X (ins)’,t36,’Y (ins)',t51, 
+’Theta (rads)’,t65,’Time (sec)’) 
write(46, 25001) 

25001 format( 1x,’ ----------------- !,t25,'-------- ’,t35, ’-------- 76905 
%”------------- ”,564,!----------- 25) 
write (46,310) maxx,timex 

310 format (1x. Maximum X'.t25.f9.6,t65,f5.2) 
write (46,311) maxy, timey 

Роан и Maximum Y'.t35,f9.6,t65,f5.2) 
write (46,312) maxt,timet 

212 formaci lx: “Maximum Rotation’, 5650, Ғ9,6,%65, Ғ5.2) 


Ee tt last). eq, 1) then 
flagl0=flagl10+1 
write (48. 313) x], yl,tl,timel 
313 Борас те Side block sliding’ ,t25,f9.6,t35,f9.6,t50, f9.6, 
+565,.15,.2) 


endif 


if (flag2.eq.1) then 
flagl10=flag10+1 
write (46,314) x2,y2,t2,time2 
314 format (1x. Keel block sliding' ;t25,f9.6,t35,f9.6,t50, 9.6, 
7265, 75.29 
endif 


if (flag3.eq.1) then 
flaglO=-flag10+1 
write (46,315) x3.y3,t3,time3 
315 formát (1x Side block overturning  ,t25,f9.6,t35,f9.6,t50, f9.6, 
+ 265. 2562) 
endif 


if (flag4.eq.1) then 
flaglO-flazgl1O-*1 
write (46,316) x4,y4,t4,time4 
316 formal (IX Keel block overturning’ ,t25,f9.6,t35, f9.6,t50, f9.6, 
3265, 1522) 
endif 


if (flag5.eq.1) then 
flagl0=flag10+1 
write (46,317) x5,y5,t5,time5 
217 Бәрлес (ix Side Glock ЕРОС 625 19 б, 535,79.6, 550,19.6, 
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886 E69 £5 2) 
887 endif 
888 
889 af (flags ed l) then 
890 flaglO=flag10+1 
891 write (46,318) x6,y6,t6,time6 
892 318 Шосшас тг Keel block liftoff' ,t25.f9.6,t35, £9.6,t50, f9.6, 
893 065. 65:2) 
894 endif 
895 
896 if (flag7.eq.1) then 
897 flaglO0=flag10+1 
898 weite (46,319) x7,y7,t7,time7 
899 319 rara 1168 block crushing .,t25,f9.6,t35,f9.6,t50,f9.6, 
900 265. 150.2) 
901 endif 
902 
903 me (flag8.eq. 1)} then 
904 flagl1l0=flag10+1 
905 write (46,320) x8,y8,t8,time8 
906 320 Bermat (ioe Keel block crushing’ ,tZ5,f9.6,t35,f9.6,+t50, f9.6, 
907 E SS 
908 endif 
909 
910 ifíflag10.eq.0) then 
911 write(46, 11000) 
912 11000 format(1x,/,1x,*No failures occurred.’ ) 
913 PEccounter.cq. 1.0 .and. flagli0O.eq.0) then 
914 go to 60000 
915 endif 
916 if(counter.eq.0.0) then 
917 ampacmax=ampacc 
918 ampacc=ampacc+1D-1 
919 counter=1.0 
920 write(*,’(A)’) ’ In secondary looping stage. ’ 
921 endif 
922 endif 
923 if(ampacc. le. ampacmax) go to 20000 
924 if(counter.eq.1.0) then 
925 ampaccz=ampacc-1D-2 
926 else if(counter.eq.0.0) then 
927 ampacc-ampacc-1D-1 
928 endif 
929 go to 10000 
930 20000 continue 
931 stop 
932 end 
Name Type Offset P Class 
A REAL*8 48946 
AAA REAL*8 49082 
ABS INTRINSIC 
AC REAL 32882 
ACLFNA CHAR*40 жжжжж 
ACV REAL 40890 
ALPHA REAL*8 49344 
AMP REAL*8 49496 
AMPACC REAL*8 49656 
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АМРАСМ 689 
ASIN 

B REAL*8 
BASE REAL*8 
BASEKE REAL*8 
BASESI REALx8 
BBB REALx8 
BETA REALx8 

BR REALx8 

C REAL x8 
SEC REALx8 
COS 

COUNTE REAL*8 
CRIT2  REALx8 
СКІТЗ REAL*8 
CRIT4  REAL*x8 

CX REAL *8 

D REAL*8 
DEC CHAR*40 
ПЕСЕН INTEGER*2 
DECV CHAR*40 
DELTA REAL*8 
DTAU REAL*8 

E REAL*8 

F REAL x8 

FF REAL 
FLAG1  INTEGER*2 
FLAG10 INTEGER*2 
FLAG2  INTEGER*2 
FLAG3 INTEGER*«2 
FLAG4  INTEGER*2 
FLAGS INTEGER*2 
FLAG6 INTEGER*2 
FLAG?  INTEGERx2 
FLAG8  INTEGER*2 
G REAL *8 
GRAVIT REAL*8 

H REAL *8 
НЕ1 REAL x8 
HF2 REALx8 
НЕЗ REALx8 

HH REALx8 
HNAME CHAR*40 
HTKEEL REAL*8 
HTSIDE REALx8 
HULL INTEGER*2 
Т INTEGER*2 
IK REALx8 

RT INTEGER*2 
K REALx8 
KD1 REALx8 
KD2 REAL x8 
KD3 REAL x8 
KD4 REAL *8 
KD5 REALx8 
KEELAR REAL*8 
KHK REALx8 
KHKB REAL*8 
KHS REAL*8 
ANNFRIR 


49672 


48898 
жжжжж 
49170 
49162 
49352 
49258 
49210 
32834 
49360 


49664 
49632 
49640 
49648 
32658 
32786 
49282 
49322 
£ * * x * 
49812 
49504 
32562 
32610 
50266 
49680 
49696 
49682 
49684 
49686 
49688 
49690 
49692 
49694 
32514 
49154 
49042 
50318 
50326 
50334 
32466 
49552 
49186 
49178 
49254 
49324 
49050 
49326 
32338 
49844 
49924 
50004 
50068 
50148 
49242 
49106 
49852 
49098 


INTRINSIC 


INTRINSIC 
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KHSB REAL*8 
KKHP REAL*8 

KO REAL *8 

KS REAL*8 
KSHP REAL*8 
KU1 REAL*8 
KU2 REAL *8 
KU3 REAL*8 
KU4 REALx8 
KUS REAL*8 
KVK REAL*8 
KVKB REAL*8 
KVKP REAL*8 
KVS REAL*8 
KVSB1 REAL*8 
KVSB2 REAL*8 
KVSP REAL *8 
KY1 INTEGER*2 
KY2 INTEGER*2 
KY3 INTEGER*2 
KY4 INTEGER*2 
КҮ5 INTEGERx2 
ЇЕ INTEGER*2 
LE INTEGER*2 
ELL REAL x8 

M REAL*8 
MASS REAL*8 
MAXT REAL*8 
MAXX REAL*8 
MAXY REAL*8 
MIN 

MM INTEGER*2 
MMANG1 REAL*8 
MMANG3 REAL*8 
MMMMM1 REALx8 
MMMMM2 REAL*8 
MMMMM3 REAL*8 
MMMMM4 REAL*x8 
MMX 1 REALx8 
MMX3 REALx8 
MODE1 REAL*8 
МОРЕЗ REAL*8 

N INTEGER*2 
NN INTEGER*2 
NSYS INTEGER*2 
OUTFNA CHAR*40 
PLKEEL REALx8 
RESTDE REALXS 
QD1 REAL x8 
QD2 REAL*8 
QD3 REAL *8 
QD4 REAL*8 
QUAKNA CHAR*40 
R REAL*8 
RF1 REAL *8 
RF2 REAL x8 
RF3 REAL x8 
RR1 REAL*8 
RR2 REAL*8 
3DOFRUB 


49932 
49122 
92210 
49090 
49114 
49836 
49916 
49996 
50060 
50140 
49074 
49828 
49274 
49058 
49820 
50076 
49066 
49860 
49940 
50012 
50084 
50156 
50204 
50262 
49336 
32082 
49328 
49706 
49698 
49714 


49722 
49440 
49456 
49464 
49472 
49480 
49488 
49432 
49448 
49416 
49424 
жжжжж 
50264 
49256 
50502 
49226 
49218 
49130 
49138 
49146 
49266 
49512 
49772 
50294 
50302 
50310 
49886 
49966 


INTRINSIC 
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7 1[ 8 13ت 
КЕЗ REAL*8‏ 
RR4 REAL*8‏ 
RRS REAL x8‏ 
RRR REAL‏ 

S REAL*8 
SBFNAM CHAR*40 
SIDEAR REAL*8 
SIN 

SQRT 

Т REAL *8 

Di REAL 

а REAL 

73 REAL 

T4 REAL 

TS REAL 

T6 REAL 

7 REAL 

T8 REAL 

TAU REAL*8 
TIME REAL x8 
ТІМЕІ REAL*8 
TIME2 REAL*8 
TIME3 REAL*8 
TIME4 REAL*8 
TIMES REAL*8 
TIMES REAL*8 
TIME? REAL*8 
ТЇМЕВ  REAL*8 
TIMET  REAL*8 
TIMEX  REAL*x8 
TIMEY REAL*8 
FOLD REALx8 

E REAL 

01 REAL*8 

U2 REAL x8 
0001 INTEGER*2 
UUU2 INTEGERx2 
UUU3 INTEGER*2 
UUU4 ІМТЕСЕНж2 
0005 INTEGERx2 
VEL REALx8 
VELI REAL*8 
VEL2 REAL*8 
VFNAME CHAR*40 
VNAME CHAR*40 
W1 REAL*8 
W12 REAL*8 

W2 REAL *8 
W22 REAL*8 

W3 REAL x8 
W32 REAL*8 
WEIGHT REAL*8 
WWW 1 INTEGERx2 
WWW 2 INTEGER*2 
WWW3 INTEGERx2 
WWW 4 INTEGER*2 
WWW5 INTEGER*2 
WZ1 REAL x8 
WZ2 REAL*8 
3DOFRUB 


50030 
50110 
50174 
24074 
49780 
48994 
49234 


49740 
50358 
50378 
50398 
50418 
50438 
90458 
50478 
50498 
49788 
жжжжж 
50342 
50362 
50382 
50402 
50422 
50442 
50462 
50482 
50278 
50270 
50286 
49764 
16066 
49194 
49202 
49914 
49994 
50058 
50138 
50202 
50214 
50230 
50246 
жжжжж 
49592 
49376 
49368 
49392 
49384 
49408 
49400 
49034 
49910 
49990 
50054 
50134 
50198 
49902 
49982 


INTRINSIC 
INTRINSIC 


187 


мо 
16:50:34 
Microsoft FORTRAN77 V3.20 02/84 


Page 20 





D Lines 1 

WZ3 REAL*8 
WZ4 REAL*8 
WZ5 REAL *8 
x REAL*8 
X1 REAL 
X2 REAL 
X3 REAL 
X4 REAL 
X5 REAL 
X6 REAL 
x? REAL 
X8 REAL 
XEL1 REAL*8 
XEL2 REAL*8 
XMAX1  REALx8 
XMAX2 REAL*8 
XMIN1 REAL*8 
XMIN2 6۶ 
XOLD REAL*8 
XPRIM REAL*8 
X GT REALx8 
XX REAL 

m REAL x8 
MI REAL 
1/2 REAL 
Y3 REAL 
Y4 REAL 
25 REAL 
Y6 REAL 
227 REAL 
Y8 REAL 
YELI REALx8 
YEL2 REAL *8 
YELI REAL *8 
YMAX1  REAL*8 
YMAX2 REALx8 
YMAX3 REAL*8 
YMIN1  REALx8 
YMIN2  REAL*8 
YMIN3 REALx8 
YOLD REAL *8 
YPRIM1 REALx8 
YPRIM2 REALx8 
YPRIM3 REAL*8 
YY REAL 


Yr INTEGER*2 
Шта INTEGER*2 
ІЗ INTEGERx2 
YYY4 INTEGER*2 
2115 INTEGER*2 
ZETA REAL 

221 REAL*8 
222 REAL *8 
223 REALx8 
224 REAL «8 
225 REAL*8 


3DOFRUB 


50046 
50126 
50190 
49724 
50350 
50370 
50390 
50410 
50430 
50450 
50470 
50490 
49862 
49942 
49870 
49950 
49878 
49958 
497 48 
50206 
16018 


49732 
50354 
50374 
50394 
50414 
50434 
50454 
50474 
50494 
49796 
50086 
49804 
50014 
50094 
50158 
50022 
50102 
50166 
49756 
230222 
50238 
50254 

8010 
49912 
49992 
50056 
50136 
50200 
49250 
49894 
49974 
50038 
50118 
50182 
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‘ 16.90. 34 


D Lines 1 7 Microsoft FORTRAN77 V3.20 02/84 
Name Type Size Class 
ACCLIN SUBROUTINE 
BILINA SUBROUTINE 
MAIN PROGRAM 
RESPAL SUBROUTINE 
RUBBER SUBROUTINE 
Pass One No Errors Detected 


932 Source Lines 


DOS 





“ACCLINPT","BILINALL", "RUBBER" 


‚ а 
"RESPALL" Subroutine Listings . > DN S. 
Раде | 
01-20-88 
14:47:38 
D Linet ! 7 Microsoft FORTRAN77 V3,20 02/84 
| 
2 $title: ‘acclinpt’ 
3 $storage: 2 
4 $nofloatcalls 
5 
5 
Ше ———_————__—————————-=———-————-----—-=---=-—- 
8 
Т SUBROUTINE WHICH PROMPTS FOR AND READS IN HORIZONTAL 
ШЕР AND VESTICAL ACCELERATION TIME HISTORY FILES 
11: AND THE TIME STEP АМ). БАКТНОИАКЕ NAME 
^) 
De a o دد س ا‎ sss 
E 
13 SUBRQUTINE ACCLINPT(aap,ac,acv.dtau,quaknaae,hnage,vnaae) 
[5 integer n 
17 real ac(2002) , acv (20071 
18 real+8 amp dtau,dtauh,dtauy 
19 ۲٥3٤8٥2۴۶۵0 ٢1٦٢٥3 ۱۸٥٥۵٥٣۱ ۱۶۳ 
20 character#4) hquaknag,vquaknae 
21 
2% [ READ IN ACCELERATION DATA 
2 
24 C HORT ZONTAL ACCELERATION 
29 700 writeis, tal’) ° ENTER HORIZONTAL ACCELERATION FILE NAME... ' 
26 read(#, (а) ') ас! лаве 
21 ореп(44, 1 Језас траве ,58 ا‎ 5= |010 ,(ога= #огва Ћед ) 
28 srite(t,'lal'] ° READINGS HORIZONTAL ACCELERATION FILE...’ 
En read(44, ia) ) hquaknas 
59 read(44, la) 1 hnazge 
31 8ء‎ ۹ 5٥8 
oc do 340,n=1,2006 
i 32 read (44,8; acin! 
i 28 39 continue 
39 
5ہ‎ 5 VERTICAL ACCELERATION 
3/5307 writelt, 141°) ° #iLL YGU USE A VERTICAL ACCELERATION FILE? ' 
38 writels, tal’) ' (YN). ' 
33 readit, ia? ) decy 
40 if {decv.eq. 1 ) then 
41 ariteit,' (a) ') ' ENTER VERTICAL ACCELERATION FILE NAME..." 
2 read(#, tal '} убпаве 
45 openi45,file=vfname,status= old’ ,fora='foraatted’) 
44 write{#, "(211 * READING VERTICAL ACCELERATION FILE...” 
45 авр:1.0 
45 read{45, ta) 8 
47 read(45, (a! ? vnaae 
43 readi5, (19,4)! diauv 


1% 





49 if (dtauh .ne. dtauv .or. vquaknam .ne. hquaknam) then 


50 write(t, (a) ) * INCOMPATIBLE ACCELERATION FILES !í: ' 
51 write(t, (a)') ' KEINPUT COMPATIBLE FILES ' 
52 goto 706 
25 endif 
54 do 305,n=1,2060 
i 95 read (45,1) acvin) 
i 55 505 continue 
5; endit 
53 
59 if (decv.eq. N'; then 
50 до 306,n21, 2000 
i öl acv (n) zac (n) 
l 52 306 continue 
ae writeit, (a3) ' INPUT DESIRED VERT/HORZ ACCEL RATIO: ' 
54 readit,t) asp 
55 endif 
55 
57 it (decv.ne. YT „and. decv.ne. 'N’} then 
53 writeit, ia) ) ° TRY AGAIN ' 
57 goto 30? 
70 endif 
71 
72 1-۶ 
12 dtau=dtaun 
74 CLOSE (44) 
75 CLOSE 145) 
15 
2! RETURN 
78 END 
Nase Type Ctrset P Class 
AC REAL 4 ¢ 
ACLENA CHAR+40 2 
АСУ КЕРІ 34 
AXP REAL #8 O + 
(ЕСУ СНАКЫ0 92 
ПА) ۹۶٤ہ‎ 1221 
DTAUH  REAL*8 32 
ТАЦУ КЕНІ 22 
HNAME CHAK+40 2) 4 
HOUAKN CHARE 4L 42 
N ЇЧТЕБЕКЕ2 25 
8 )4)۹( 16 + 
VFNAME LHAR+40 132 
VNAME CHAR+4O 24 4 
۷ )۱ 12 
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Page | 


01-20-63 
11:06:38 
D Linet ! 7 Microsoft FORTRAN?? V2.20 02/84 
1 $debug 
2 $title: “bilinall' 
3 $storage: 2 
4 $nofloatcalls 
y | 
b 
j E a E GCS gL TTS ST سح کت ا‎ 
8 
qu SURROUTINE WHICH CALCULATES THE RILINEAR HORIZONTAL 
10 C OR VERTICAL STIFFNESS AND RESISTANCE 
1] 
ШЫ... --.--:--5---22----.4.-..-----------. 
13 
14 SUBROUTINE BILINALL(U,Y PR, AR KD QD KUUEL UMAX UMIN,KY,22,N?, 
15 + 8۲۷,۲۷٢۷ (لالالا,‎ 
16 
17 realt& U,V,RR,EKD,OD.KU,UEL,PK 
18 ۲۲ ا‎ ۸ ۳۶ 
19 integer EAN, YYY, UUU,KY 
20 
2150 REGINNING OF EILINEAR LOSIC 
22 
ANE CHECK IF RESPONSE STILL ON INITIAL ELASTIC LINE 
^) 
2 if (KY it. 0) goto 4045 
2 if (KY .gt. 0) goto 348% 
2 RR=KU#U 
28 PK=KU 


^) 
& 


30 L CHECK IF THE RESPONSE HAS SONE PLASTIC 


31 


32 if (UY .gt. -UEL .and. U .It. UEL) goto 4720 
3% 

31 RESPONSE IS NOW PLASTIC 

5 

5% if (U .It. -UEL) goto 4040 

37 

38 C RESFONSE IS ON THE TOP PLASTIC LINE 
57 

40 5220 Kal 

4 ۲٢۰٢۱ 

42 RR=kKD+U+QD 

43 Wan=0 

44 YYYzQ 

45 11=0,0 

46 goto 4720 

47 
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48 
49 
30 
al 
de 
93 
34 
95 
36 


38 
57 
۵0 
51 
62 
53 
64 
5 
65 
7 
se 
59 
70 
7 


79 
іш 


7 
РА 


74 
75 
76 
n 
78 
79 
80 
81 


۹ 
e 


84 
85 
85 
87 
88 
89 
90 
91 


5 
< 


93 
94 
95 
95 
ЯТ 


C 


3480 


1510 


5720 


14040 


4150 


CHECK IF VELOCITY SHIFTS FROM POSITIVE TO NEGATIVE 
A 0 

CHECK IF ON THE RIGHT ELASTIC LINE 
if (YYY „96, 0) goto 3630 

CALCULATE VALUE OF UMAX 


1141 
YYY=Í 


UMAY=77 
CHECK IF RESPONSE SHIFTS TO LOWER PLASTIC LINE 
if {U It. (UMAX-2eliEL?) goto 4040 
CHECK IF RESPONSE SHIFTS TQ TOP PLASTIC LINE 
1# (U .gt, UNAY) goto 3220 
CHECK IF RESPONSE RETURNS TQ TOP PLASTIC LINE 
IE eg. 9) gato 3220 
RESPONSE IS ON THE RIGHT ELASTIC LINE 

KY=Í 

PR=KU 

RR=KUEU+ (KD-KU) #UMAX+OD 

goto 4720 
CHECK IF VELOCITY SHIFTS TO POSITIVE 

if iV .gt. 0) goto 4350 
CHECK IF RESPQNSE REMAINS ELASTIC 

if (WWW .eq. 1) goto 4350 

RESPONSE 18 QN THE BOTTOM PLASTIC LINE 

КҮ--1 

PK=KD 

KR=KD#U-QD 

UDU=3 


81-0,0 
goto 4720 
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Каре 


KD 
KU 
KY 
PK 
00 
KR 

1 
UEL 
UMA 
UMIN 
JUJ 
кик 
W: 
ҮҮҮ 
11 


Nase 


PILI 


Pass One 


E 


99 


100 4550 


101 


102 4370 


103 
104 


105 C 


106 
107 


108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 


NA 


CHECK IF RESPONSE IS ON THE LEFT ELASTIC LINE 


if (UGU «qt. 0) goto 4370 


زا 
00051 
UMIN=4¿‏ 


CHECK 1F RESPONSE RETURNS TG TOP PLASTIC LINE 


if (U „at. (UNIN+24UEL)) goto 2220 


C CHECK 1F RESPONSE RETURNS TO BOTTOM PLASTIC LINE 


it (U .1t. UMIN) goto 4150 


C RESPONSE 1S CN THE LEFT ELASTIC LINE 


4770 en 
RE 
EN 


Type 


КЕА +8 
REAL EE 
[NTEGER €2 
REAL*8 
REAL#8 
REAL *£ 
REAL+B 
REAL #8 
REAL#B 
REALES 
REALES 
INTEGER+2 
кенін 
[NTEGER t2 
REALES 


Type 


ЕК: | 


RR SKU EU + (RG-KU) eUMIN-GD 


FREY 


ntinue 
TURN 
D 


Offset 


lé 
24 
40 

3 


5 р 
+ М 


12 
0 


~ 
& 


32 
36 
60 

4 
57 
45 


с 
~ 


44 


P Class 


мон ис ис э= җы ےہ‎ 0 0 


121 Source Lines 


Class 


SUBROUTINE 


Nc Errors Detected 
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0) 
<> 
= 


uo 


тэ 


ap =, 


2154 


20 0 


- 
wet 


FORTRENT? У: 


+ 
ust 
an 
ut 


F- 


aet 1 


یم 


bE 


22 
хэ 
tu 
ээ 


ғ 


un 
— 
= 
га 


сз 
^ 
ru 
oO 
-4 
ae- 
гэ 
t= 
“. 


ro 


UTI) 


4 У.. 


“1 "ap т = т mn гүр °1 
~ ым 7 à . ї 
۰.2 0 t 


NO RESISTANCE 


ОТІРЕМЕ 55 
acetum amem mesa mm aae eszeuuamsamemaa mu ee memi mma 


г--- - - өвь e mm a 
“ 


E 


15 


суз m Со = са 


14 


vot 


іші 


| 


LINE 


Act‏ ے او سی 
m ee‏ . 
аты ЕСЕСІ‏ 


ut 


ен 
11) 
ға 
و ہم‎ 


نے 
2 


- 4 
“ 
aft 

2... 

` 

с> 


м می‎ 


OY <> 
--4 Cs 


Ё 
42 


ni", 
~ 
r 


K 
k 


eee 


саз С <> ч 
ہے‎ ca 


(DD 433 «аз (3) 


41 4% 2441 
40 نی تی گت 
iX «kx‏ 


95 





1 


01-20-88 
14:20:02 


Page 
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P 


Û Line? | 


4 ' 
' ' 
% ! 
' 1 
' ' 
' ' 
' ' - 
' ' ` 
' ' = 
' i ^ = 
' i - tas _ 
' ' ee — - . - — x ~ 
' ' с” ^ = ~ - - «T. сз 
' ' tas БЕЗ tat “a - тел = ш 
' = ' zz au х: w - а! ~ 
! га ! t - + «1; +! Lal + Lal A 
1 ра а ' ta. - ~ =“ + Ж. اہو‎ ucl га 
' == ' - га ға «Т ға rem а 
' сэ ' سج‎ - = tat em = en іл. kn 
l سم‎ ' те па tas k га k ы e 
! к= ‘ єч cL x 0 m< a Las e - ` 
' <£ — ' < tb «IT Le U. te u Me ہے‎ 5 
' سم‎ Lal ' <> =D = - E .-. = су. " 
' со tt ' = اچ‎ cu сэ " سم‎ " (018 " .— e 
' a «cr ' ہے وج‎ ав Lal егі en н ы == к. 
! Az ' га ы га == = k= oa. ы. -- E ca e 
' (de) ' эз 2. c= c سم‎ сэ hor сэ == | о ““- 
! لسم لہ‎ ' та 6. kn ہت‎ L. se жы) “4- ہت‎ e Las v. 
' «С ص‎ ( - - Es سم‎ єз - سم‎ - C. - 
' تہ‎ Las ' 5. -- - er سج‎ 2 e Ea] = ж 
' нь 8-5) ' bh сч che hn зээ x ud = сэ x "LL Qu 
1 سم‎ ' А. M» «n сэ a. qu Do. Ku ar اھ‎ tz 
' جن‎ ca ' т сэ га K ہچ‎ c 4 E "L c= сл - 
' لگا‎ === ' 4 Сч є === - —- > t— ` to " 
! => ' اچ‎ “or "X ot сэ " са " Las " с) un 
' ' -” 1». - un art = un tal = 
' ӨЗ سم‎ ол ' > > au [к= >< 22 — er 6 = We та 
! bat zz tot ' > - ui = مھ‎ ~ + га 
' к= Lil сој ' = са tas Cy ca (E ea Ux "nm x. + 
' ят ж مہم‎ ‘ » c4 © n= Lal +4 Las + Las + Las un 
1 las tas 63. ' ж <> >> lal H- an к= т t-- an t— а = 
1 [o te C ! see <> - (A = си - = ai а” =". qu = 2 ы ш 
' СЭ «ДЭ ےج‎ ' -.1 CN ni «YT [99 mM сп ші ек ст ал т as (11 тшо 
' el) me ! „4 ~e 4 ے١‎ ға е ға e жа н с б 
4 ada (el ' at 3 dao 63. ~ к= ro - ce со ~ с т! МЕ جج‎ 
! La (313 r- ' із e ЯН Z суі э« e 2-2 (2 are С E k <= 
I مہم‎ өза 222 ' crs - ... э« ... „=. x< ہے سے‎ ¿> e bo? „=ч ЕЕ cae! 
! 212 сэ сэ 1 13 نے " - = و ++ س‎ a, " - эмээ. " х t " 40259 
Ж ! 1236 ' ос єч т «та “=. Ku ~ ~ nu "m as e = as C4 
~ ! 3 134 ! © за P іы T 2. وم‎ rg س‎ «7 Mo m Doo we - 
--4 ! t4! «C 6.2 ! 133 “2 (9 w cm FU .e че ста rs шан, wee “— ж... a 
«Y ' =. к- „JE | зас Us +424 К to ~ ` - s 54e == м - me io n 
a. 1 tea "s CI ' ». ^ ë YJ cu Am > o. = - . - P oa - - - ($ 
oa un ' к- Сл to ' tt ye ta: یا‎ cu + wo dq ~ - өз чч » CF- hs ہے سے‎ - 
tas — ' т ға сл ' ТТ y DI + n نہ‎ зө میم‎ mr ~ ме ef: -= е ч "es ہی‎ =+ un 
КЛ СС es ' CI مہم‎ ben I £z ہی‎ ro Cn t- tu =~ er Са: --- see (и -- o а! --- =” <= 
- ға ! өс ас іп і 82 crew مج سم‎ U «т ++ “n с: а» "t3 СС > чи С +4 ст СС үгэ 
.. ы ' «Ұз EA Las ' кз ға га “с... bat e ға as e ға Qu — (00 as ہم‎ "na Qu 
a + ! ج ا‎ tX. ‘ 20 ae "cs ax à. Q^ CA к а» «а ы. ar Са к а! a сэ 
эз. ст га ' зэ ! U += L C c£ coo A ке ۹۰ JE ee E aL O Ж шш с Ta 
сы m о ! ! 
e d Ба == ( ' 
+4 ao ~ 1 1 
-e4 ал © ' ' 
44 ін С ( ' 
“. de r to CI ECS Ca са сэз 
== Єч ку bk yy UD Fe ОЗ О- с: 4 га е ә. М3 42 Pe 023 I оо یی مم‎ م٠‎ өг. LUDA «N P= (OD O xa e. ya 179 UI aD F (ал О~ <> 
AA OS 04 04 С4 OS Od CY Cl CY ЄЧ вел Po pot 473 کم 4173 دم‎ fO 1е #72 og 
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] tise.xxin) 


) 


ü 


t 


7,700 


dtautin-1) 
иі ВКТ 


Ë 


tig 





48 нг1ів147,7020) time,ttin) 
49 7020 Fargo. olx 615.6) 


writet4l, 7030) tise,rrr (n) 


— q pu — — سو‎ u eo 
cn 
.— 


52 7030 fornat (£7, 3, 10x ,e13. 8) 
95 
54 308 CONTINUE 
92 
Је RETURN 
57 END 
Name Type Gffset P Class 
ШТА) 8۵٤8 ig 4 
N INTEGER#2 152 
RANAME CHAR+40 122 
RRR REAL 12 + 
TIME ۹9 154 
TNAME ) ۰۷ 82 
TI REAL 9 # 
ANAME СНАК+40 2 
ХХ REAL Š $ 
YNAME СНАК+40 2 
YY REAL 4% 
98 
Name Туре Size Class 
RESPAL SUBROUTINE 


errors betected 
Source Lines 


Pass One N 


( 21 
co C 
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Sample Input Data File and Output File. . 
HHGHIP/SUE DRYDOCK BLOCKING SYSTEM### DATA FILE: 87 


+++ INFUT FILE DATAS «4 


SHIP NAME: LAFAYETTE SSEN 616 

DISCRIPTION OF ISOLATORS IF USED: NO ISOLATGR ALL BILINEAR 

DISCRIPTION OF BUILDUP: 8 SPACING COMPOSITE 

DISCRIPTION OF WALE SHORES USED: NO WALE SHORES 

DISCRIPTION OF DAMPING: 5 % DAMPING 

LOCATION OF DRYDOCK BEING STUDIED: NO SPECIFIC LOCATION 

NAVSEA DOCKING DRAWING NUMBER: 845-2004640 

REFERENCE SPREADSHEET STIFFNESS CALC FILE NAME: SIKHORIG.WKI & SISHORIG.WKI 
MISC. COMMENTS: SIORBILN.DAT 1839 4 MAR 82 


SHIP WEIGHT (KIPS) W= 183359.9 
HEIGHT OF KG (IN) H= 193 
MOMENT OF INERTIA (KiFS+IN#SEC 2) Ikz 241645] 
SIDE FIER VERTICAL STIFFNESS (KIPS/IN) Куѕ= 10112.19 
SIDE PIER VERTICAL PLASTIC STIFFNESS (KIPS/IN) Куѕр= 4025,04 
EEL TIER VERTICAL STIFFNESS (KIPS/IN) ند‎ 40808, 74 
KEEL PIER VERTICAL PLASTIC STIFFNESS(KIPS/IN)  KWKP= 45808,74 
HEIGHT OF WALE SHORES (IN) ААА= 9 

RALE SHORE STIFFNESS (KIPS/IN) KS= 0 

SIDE PIER HORIZONTAL STIFFNESS (KIPS/IN) KHS= 5825.15 
KEEL PIER HORIZONTAL STIFFNESS (KIPS/IN) КАК= 99225,08 


SIDE FIER HORIZONTAL PLASTIC STIFFNESS(KIPS/IN) KSHP= 7 
KEEL PIER HORIZONTAL PLASTIC STIFFNESS(KIPS/IN) KKHP= 38434, 8¢ 
RESTORING FORCE AT O DEFLECT KEEL KORIZ (KIPS) 601= 19998,07 
RESTORING FORCE AT Q DEFLECT SIDE HORIZ (KIFS) QD2= 4817.6 
RESTORING FORCE AT û DEFLECT SIDE VERT (KIPS) QD3- 2262. 
RESTORING FORCE AY OQ DEFLECT KEEL VERT (КІР5) GD4- 0 


BRAVITATIQNAL CONSTANT (IN/SEC^2) GRAY= 385.09 
SIDE BLOCK WIDTH (IN) SEW= 42 
KEEL BLGCK WIDTH (IN) KBW= 48 
SIDE BLOCK HEIGHT (IN) Shn= 74 
KEEL BLOCK HEIBHT (IN) KBH= 60 
BLOCK ON BLOCK FRICTION COEFFICIENT Ul= ,45 
HULL GN BLOCK FRICTION COEFFICIENT Ц2- ,55 
SIDE PIER TO SIDE PIER TRANSVERSE DISTANCE (IN) BR= 144 
SIDE FIER CAP PROPORTIONAL LIMIT 50۲ 7 
KEEL PIER CAP PROPORTIONAL LIMIT KCPL= .45 
TOTAL SIDE PIER CONTACT AREA (ONE SIDE) (IN^2) SAREA- 8352 
TOTAL KEEL PIER CONTACT AREA (IN^2) KAREA= 39440 
FERCENT CRITICAL DAMPING ІЕТА= ,05 
HULL NUMBER (XXX) HULL= 616 
SYSTEM NUMBER (XXX) NSYS= | 

CAP ANGLE (RAD) BETA: „377 
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15359.9 193,0 2410451 10113.39 — 4025.64 46808,74 0,0 et 
5825.13 59223.08 2212,17 38434,85 18098,07 4817.60 2262.37 386.09 


42,00 48.00 74,00 60.00 0,43 0,53 
144,00 0.70 0.45 9352.0 55440,0 0,050 
Dee 57] 6,00 46808.74 


0 
l 


| 
2 


LAFAYETTE SSEN 616 

HO ¡SOLATOR ALL RILINEAR 

8 SPACING COMPOSITE 

NO WALE SHORES 

3 5 DAMPINS 

NO SPECIFIC LOCATION 
845-2025040 

S|KHORIO.RKI & SISHORIS.NKI 
SICRBILN.DAT 1839 4 MAR 88 


199 








ӨНӨ System | tti 


++ Hull 515 ++ 


+ Ship Parameters + 
Weight Moment of Inertia К.б, 
15369.9 kips — 2410451.0 kips-in-sec2 193.0 ins 
t Drydock Parameters t 


Side Block Height Side Block Width Keel Block Height keel Block Width 
74.0 ins 42.0 ins 60.0 ins 43.0 ins 


Side-to-Side Pier Distance — Wale Shore Ht. Wale Shore Stiffness Cap Angle 


144,0 ins ¿0 ins ОК ови а но о Гай 

{Side Side Pier Contact Area Total Keel Fier Contact Area kkhp 

820 2 95440,0 1п2 38434,9 kips/in 
B/E Friction Coeff H/B Friction Coeff kshp kvsp 

A30 әрі 2212.2 kips/in 4025.6 kips/in 

Side Pier Fail Stress Lisit Keel Pier Fail Stress Liait kvkp 

0/90 kips/in2 ,A50 kips/1n2 45808.7 ۷ 

2387. 


Side Pier Vertical Stiffness Side Pier Horizontal Stiffness 
10112.4 kips/in 98252] kips/in 


Keel Pier Vertical Stiffness keel Pier Horizontal Stiffness 


45808.7 kips/in 2922.1 kips/in 
001 802 005 004 
13098, 1 Каро 4817.6 kips ¿282.4 kips ,0 kiss 


# Systee Paraseters and Inputs t 
Earthquake Used 15 1940 EL CENTRO 
Horizontal acceleration input 15 HORIZONTAL 


Vertical acceleration input 1s 
Earthquake Acceleration Tiae History. 


Vertical/Horizontal Ground Acceleration Ratio Data Time Increaent 
1,000 O10 sec 


Gravitational Constant % Syste Damping 
386.09 in/sec? 3,00 4 
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Mass Matrix 


42.5992 · 0000 8183. 0420 
‚9900 42.3992 ‚0000 
8185.0420 0000 2410451,0000 


Damping Matrix 


118.1018 · 0000 5027,6454 
‚0000 158, 5898 ‚0000 
3027. 6454 . 0000 1942181. 3597 


Stiffness Matrix 





70873, 2406 ‚0000 163101.5400 
, 06000 57055. 5200 ‚0000 
153103, 5490 · 0000 99531610, 6070 
Undaaped Natural Frequencies Mode #1 Mode #2 Моде #: 
6.425 rad/sec 69.4620 rad/sec 39.763 rad/sec 
Daaped Natural Frequencies Mode #1 Mode #2 Mode #3 


6.416 radisec 69.963 rad/sec 29.713 rad/sec 


For Earthquake Acceleration of 100,00 % of the 1940 EL CENTRO 


Maxıauas/Failures X (ins) Y (ins) Theta irads) Tiae (sec) 
Maxıaus | 207 11222 
Maxiaus Y ОНЕ 8.01 
Maxisua Rotation ‚048797 14,44 

Side block slidina a I ر321‎ :,021228 6, 24 

Keel block sliding 200527291 7921107 -.021704 бг 

Side black overturning .082442 -,05:156 , 011855 5.61 

keel block overturning .O20392 71۶ ‚001717 4,71 

Side block liftoff -.007883 -.103857 2.005915 4,96 

Side biock crushinq -,009412 — ,021216 009383 5,45 
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For Earthquake Acceleraticn of 


Maxieuss/Failures 


Чах18:8 1 
Maxiaus Y 


Maxisus Rotation 


Side block 
Keel block 
Side block 
keel block 
Side block 
Side block 


sliding 
sliding 
overturning 
overturning 
Peart 
crushing 


Х (115) 


-,245421 


, 000494 
-.087291 
‚009484 
-.031319 
-.002232 


-,011740 


For Earthquake Acceleration of 


махі 8/۹٤ 


Maxiaua | 
Maxiaus Y 


Maxisus Sotation 


Side block 
Keel block 
Side block 
Keel block 
Side block 
Side block 


sliding 
sliding 
overturning 
cverturning 
liftoff 
Crushing 


Y (ins) 


‚000027 
- „088427 
.000027 
-.021642 
‚001215 
‚008197 


For Earthquake Acceleration of 


Maxıauss/Failures 


Maxisus Í 
Maxigus Y 


Maximus Rotation 


Side block 
Keel block 
Side block 
Keel block 
Side block 
Side block 


sliding 
sliding 
overturning 
overturning 
liftoff 


crushing 


J (ins) 


+4 ۔ 
085862.- 
018519.- 
|02924.- 
600110.- 
>7 
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76.00 7 


Y (ins) 


‚181850 


-,055408 

‚019017 
-.055408 
-,030543 
US 
22012857 


30,00 X of 


Y Gns) 


S 


051407 
009152 
‚051407 
‚058728 
‚05124; 
‚014721 


of 


Y (ins) 


-, 45249 


040248 
019445‚ 
014936 . 
004233,- 
023427.- 
1606 ۔ 


90.00 1 of the 1940 EL CENTRO 


Theta (rads) Tise (sec) 


16.51 
8.0] 
06ء ۔‎ 13,83 
002296 924 
ا‎ 5,25 
· 00229 5,17 
001947 4,75 
-, 005845 4.37 
,. 5,48 
the 1940 EL CENTRO 
Theta (rads) Time (sec) 
15:21 
8.01 
049040 19:75 
‚091472 52 
РИКА 5222 
‚001472 9271 
~. 005154 50 
"(002723 4,98 
008773 8: 90 


the 1940 EL CENTRO 


Theta (rads) Time (sec) 


9 
049499 14:35 
-,009791 6 

| 


-. 01952: 57 
-,011280 6.25 

‚007959 3.04 
-OCHS 4,99 
-, 008408 5.32 





For Earthquake Acceleration of 


Maxieues/Failures 1 (ins) 


Мах: зиз Borde lis 
Maxiaus Y 

Maxisus Rotation 
Side block sliding 2005151 
Keel block sliding ‚051008 


Side block overturning -.010400 
Keel block overturning  .022516 
Sıde block liftoff -,003402 
Side biock crushing ‚001255 


For Earthquake Acceleration of 


Marıauas/Failures Х (ins) 


Maxigua 1 ‚245529 
Maxisua Y 

Maxisug Rotation 
Side block sliding 2015/95 
Keel block sliding ©0715! 


Side block overturning -.015797 
Keel block overturning — .029000 
Side block ¡1ttoff -.014161 
Side block crushing - 000834 


For Earthquake Acceleration of 40,00 1 of 


Maxiauss/Farlures Y (ins) 


mn m am === = - = 


Maxigug ! 241724 
Maxieue Y 

Maxi&us Rotation 
Side block sliding 052122 
Keel block siiding ‚084762 


Side block overturning  .003996 
keel block overturning .027507 
Side block liftotf -, 004814 
Side block crushing , 00049] 


$0.66 X of the 1940 EL CENTRO 


Theta (rads) Time (sec) 


ewe =‏ === کے ہے әт ән жы жм‏ که ہی ہب جب کے کے 


15218 

‚00 

‚049920 11105 
-,004153 5.30 
‚017490 7: 
-, 007884 5.24 
‚004804 ‚42 
~, 002085 9,00 
-,008745 5,7% 


the 1940 EL CENTRO 


Theta (rads) Tise (sec) 


19.66 

3,00 

„049252 11:01 
-,00202) 6.31 
-.021:12 8.50 
-(00202: £.3! 
¿004903 3292 
-,003067 5205 
‚008507 6.50 


the 1940 El CENTRO 


Theta {rads} Time (sec) 


= u. zu zn nem m = ою эр == эр эр == =з =з == 


19,55 

3.09 

19,50 048774 
7.86 005452‚ 
1-05 025788„ 
7.34 = 
6.60 007261‚ 
3.58 002587‚ 
7-95 7ء 


as 





For Earthquake Acceleration of 34.00 € of the 1940 EL CENTRO 


Maxiauas/Failures I ins). ey (yas? Theta (rads) 

Maxisus X = ОВО 

Maxisus Y -.040973 

Maxisua Rotation 005341 
Keel block overturning -.02667&6 .012919 - 003477 
Side block liftoff О а 2002905 


For Earthquake Acceleration of 20.00 X of the 1940 EL CENTRO 


Maxiauas/Failures line) 1 (106) Theta (rads) 
Maxigua ! -.018082 

Maxiaus Y -,028897 

Maxiaus Rotation ‚00164 
Side block liftoff 0111. .002589 


For Earthquake Acceleration of 10.00 % of the 1940 El CENTRO 


Maxieuas/Failures K (Ins py (ins; Theta (rads) 
Maxiaus | - 005055 

Maxiaus Y ОЯ 

Maximus Rotation „бру 


No ¢ailures occurred. 


Мола оса е acceleraticn cf 19.00 200€ the 1940 EL CENTRO 


Maxıauss/Failures І (1152 ТІ (106 Theta (rads} 
Maxısua | o 
Maxieua Y - 025552 
Maxigue Rotation » 903458 
Side block liftoff ШО 21255 21124: 


Time (sec) 


Da 2 mama 


Tise (sec) 


7 77 nme 


Тіке (сес) 


Time (sec? 





For Earthquake Acceleration of 


Maxiauas/Failures Y linc) 
Maxisus J -015413 
Maxigue Y 
Maxisug Rotation 

Side block liftoff 010977 


For Earthquake Acceleration of 


Maxieues/Failures Y (ins) 
Чах1808 X =.) 1492! 
Maxieue Y 
Maxisus Kotatıon 

Side block ¡iftoff - 002400 


For Earthquake Acceleration of 


Maxiaues/Failures I wins) 
Maxisua I 52017222 
Maxigua Y 


Maximus Kotation 


Side block liftoff ۔‎ 0646 


For Earthquake Acceleraticn of 


Maxieues/Failures 151115: 
Maxisus ! 612433 
Maxiaus Y 


Maximus Rotation 


No failures occurred. 
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18,00 2 of the 


Y (ins) 


-.024186 


-.002288 


17,00 % of 


ہے = = = ےے <= ہے нь‏ 


922342 


-, 0025356 


16.00 X of 


Y tins) 


22921437 


016501 


15.00 % of 


121105) 


^^1C 
ھ‎ 5 


1940 EL CENTRO 


Theta irads) 


003294 
, 002973 


the 1940 EL CENTRO 


Tiae (sec) 


کے ہے ہے »= «с ав «в «в аю «ы = = = = Zu‏ کے ہے 


= = = = = = سے ے ہے بے b e Am ae === = = = а‏ ےہ 


‚901091 


ar LA 
7,002636 


the 1946 EL CENTRO 


Theta irads) 


‚002858 
-, 002449 


the 1940 El CENTRO 


Theta (rads! 


Tise (sec) 


=» سے ہے ہے ہے حب ہے ےے ہے کے دے ہے‎ чь = н ао аә аә ә 
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APPENDIX 2 


"V2READS" and“ACCELMOD" FORTRAN 
Program ListingsSample Vertical and Horizontal 
"DATINNEW" and "MAKERUB" BASIC Program 


Listingss 
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D Line# 


WOMAN OUL WN = 


من فمن منغ مز صز صز كاز فمن سنخ فمن كاز مز من فمن فمن مزر ماز فمن فمن مخ فمن فمن مار فمن مز فخ مز مزر مذ 


Name 


COR 
CORTIL 
FCOR 


ICOR 
IEF 


“V2READS" and"ACCELMOD" FORTRAN 


Program Listings. a ° ° ° ° @ 9 
Раде 1 
01-22-88 
15:25:26 


1 7 Microsoft FORTRAN77 V3.20 02/84 

С АХААХААХААААААААААААААААААААААААААЖ 

C v2readS.for 

C АХАААААААААААААААААААЯЛААААААААААЖ 

С main program to read the Volume2 data. 

С п = # Of accel., velocity and displ. data 

с 

C common/xyaxis/ixaxis,iyaxis,ixy 
integer Corti l (1000), !eor (100) ,coer (40) 
геа1 у(5001) ,Ёсог (100) 
open(2,file-'acc.dat',status- 'old') 
open(3,file='acc].out',status='new') 

open(4,file=‘acc2.out',status='new') 
open(5,filez'acc3.out',status- 'new') 
do 107 j=1,3 
геаа (2,11) согїї) 
геаа (2,12) ісог 
геай (2,13) #сог 
n=icor (53) 

e Read the acceleration data: 

read (2,11)cor 
goto (100,200,300),] 

100 геад (2,13) (у(1) ,і=],п) 

write(3,14) (y (1),1=1,n) 
goto 400 

200 read(2,13) (y(1)>,1=1,n) 

write(4,14) (y(1).,1=1,n) 
goto 400 

300 read(2,13) (y (ií) =], п) 

wríte(5.,14) (y(1),1=1.,n) 

400 continue 

С Read the velocity data: 
read (2,11)0cor 
read(2,13) (y(1),121,n) 

с Read the displacement data: 
read(2,11)cor 
read(2,13)(y(1).,1=1.n) 

€ Read the "end of file" mark 
read(2,11)1ef 

11 format (40a2) 

12 format (1615) 

I3 format (8f10.3) 

14 format (f 10.93) 

10 continue 
end 

Type Offset P Class 

INTEGER* 4 24806 

INTEGER* 4 2 

REAL 24406 

1МТЕСЕНХ 4 24974 

INTEGER* 4 4002 

INTEGER* 4 24982 

INTEGER* 4 24966 

INTEGER* 4 24970 

REAL 4402 
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Page 1 
01-23-88 
15:42:48 
Microsoft FORTRAN77 V3.20 02/84 


D Lines 1 7 
le acceleration data modification program 
2 
3 real a(2006),b(2006) 
4 integer n,i,j 
5 character*4O fname 
6 
7 write(*,*) ’INPUT FILE YOU WISH TO MODIFY...’ 
8 read(*,’(a)’) fname 
9 write(*,*) ’INPUT NUMBER OF DATA POINTS IN INPUT FILE ...' 
10 read(*,*) n 
11 open(2,file=fname,status=’old’ ) 
12 open(3,file-'acc.mod',status-'new!') 
13 
14 do 10 j=1,n 
1 15 read(2, *)a( Jj) 
1 16 10 continue 
17 14 format(f9. 4) 
18 
19 b(1)=a(1) 
20 do 20 i=1,1002 
1 21 b(2xi)=(a(i)+a(i+1))/2 
1 22 b(2xi+1)=a(1+1) 
1 23 20 continue 
24 
25 do 30 j=1, 2004 
1 26 write(3,14)b(j) 
J 27-30 continue 
28 end 
Name Type Offset P Class 
A REAL 2 
B REAL 8026 
FNAME CHAR*40 16050 
I INTEGER*4 16162 
J INTEGER*4 16094 
N INTEGER*4 16090 
Name Type Size Class 
MAIN PROGRAM 
Pass One No Errors Detected 


28 Source Lines 
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10 


"DATINNEW" and "MAKERUB" BASIC 
Program Listings. . ». + è è 


SCREEN O: WIDTH 80 


ZO CES 
30 F=0 


50 
60 
70 


40 рЗ-“88Ю Л. RRR" 


PRINT * ٭‎ OR OR IO IOI" 
2 


80 PRINT:PRINT `“ X*x**SHIP DRYDOCK BLOCKING SYSTEM*x*xx 
90 PRINT:PRINT " **ACCELERATION DATA FILE CREATION PROGRAM** 


100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
530 


PRINT:PRINT " **FOR BILINEAR 3DOF QUAKE RESPONSE PROGRAM** 


, 
2:90: 0008] 22222222222222222222222222222222222222222222222 2 7222222222222 2 22 
, 


, 


INPUT " INPUT NAME OF ACCELERATION FILE YOU WISH TO MODIFY: ",ACOLD$ 
INPUT " HOW MANY DATA ENTRIES ARE IN THE INPUT DATA FILE? ",N 
INPUT " HOW MANY DATA ENTRIES DO YOU WANT IN THE OUTPUT FILE? ",M 
DIM AD(3000) 

DIM AC(3000) 

INPUT " WHAT PERCENT OF THE ORIGINAL ACCEL. DO YOU WANT ? (.XX) ",РР 
INPUT " INPUT NAME OF OUTPUT ACCELERATION FILE: ",ACNEM$ 

INPUT " DO YOU WANT OUTPUT IN INCHES/SEC^2 ??? (Y/N) "¡AS 
INNAS="Y" OR AS="y” THEN F=1 

INPUT " DO YOU WANT TO ADD LABELS TO THIS DATA FILE? (Y/N) ";B$ 
IF B$«»"Y" AND B$<>"y" THEN 300 

FF=1 

INPUT " INPUT THE NAME OF THE EARTHQUAKE:  Á";Q$ 

INPUT " INPUT THE ACCELERATION COMPONENT NAME: ";C$ 

INPUT " INPUT THE ACCELERATION DATA TIME STEP: (SEC) ";DTAU 
OPEN ACOLD$ FOR INPUT AS H1 

Zzl 

GG=0 

FOR I=1 TO N 

INPUT *1,ADS 

IF VAL(ADS)=0 AND I=1 THEN GG=1 

IF GG=1 AND I=3 THEN 420 

IF VAL(AD$)=0 THEN GOTO 420 

AB=VAL( AD$) 

IF AB=-9999 THEN 430 

IF F=1 THEN AC(Z)=AB/2.54 ELSE AC(Z)=AB 

Z=Z+1 

NEXT I 

CLOSE #1 

OPEN ACNEW$ FOR OUTPUT AS #1 

IF FF<>1 THEN 490 

PRINT#1,Q$ 

PRINT#1, C$ 

PRINT#1, USING D$; DTAU 

КОК Ісі ТОМ 

PRINT#1, USING D$;AC(I)¥*PP 

NEXT I 

CLOSE #1 

END 
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90 

100 
110 
120 
130 


Ей 

150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
640 


140 


SCREEN 0: WIDTH 80 
CLS 


FRINT "ж«жжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжЖЖЖ" 
PRINT: PRINT " **xx*xSHIP DRYDOCK BLOCKING SYSTEM««* Ч 
PRINT:PRINT “ *x*x INPUT DATA FILE CREATION PROGRAMx «xx 

PRINT: PRINT “ **xxFOR BILINEAR 3DOF QUAKE RESPONSE PROGRAM****": PRINT 


PRINT жжжжжжжжжжЖЖжЖжЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖ 
, 


, 


СКАУ-32.174ж12 
AS=" HHHHH. HR HHH.H HHHHHHH HHHHHH.HuH ras ВЕ НЕЕКЕН ВЕ ВЕН. Н 88888. 8 
B$-" uuudtüHd.HH Huuusu. ud HiuliutH,. ud НЕНЕИН ВВ ВЕВЕВ. ВЕ Hit, uH Hii, dH ЕЕЕ. 


C$=" 888.8В HHH. HH ВЕН. НЕ ВЕН. ВЕ В. ВЕ ВВВ >" 
D$=" нини. ни н. НВ Н.НИ НЕВНЕН. Н HUHHEB.H В. ВЕЕ" 
ES=" #888 UHH HHHH НЕНЕН НЕН виниви. на" 

PRINT: PRINT 


PRINT " SELECT ONE OF THE FOLLOWING MAKEDATA OPTIONS: ":PRINT 

PRINT " 1. PREPARE NEW DATA FILE":PRINT 

PRINT " 2. MODIFY EXISTING DATA FILE":PRINT 

INPUT ^" SELECT NUMBER"; NN 

PRINT: INPUT ~ DRIVE USED FOR DAPA FILES (A:,B:,0:,D:,E*,F:): “¡ABCS 
INPUT > FILE NAME ( OMIT DRIVE LETTER )";F4$ 

F4$=ABC$+F4$ 

CLS 


ON NN GOTO 300,350 


GOSUB 480:’ CALL SUBROUTINE “INPUT DATA" 
GOSUB 1010:’ CALL SUBROUTINE “PRINT РАТА" 
GOSUB 1620:’ CALL SUBROUTINE “STORE DATA" 
GOTO 410 
, A : 
GOSUB 1930:’ CALL SUBROUTINE “RECALL DATA" 
GOSUB 2190:’ CALL SUBROUTINE “MODIFY DATA" 


GOSUB 1010 :’ CALL SUBROUTINE "PRINT DATA" 
GOSUB 1620 :’ CALL SUBROUTINE “STORE DATA" 
GOTO 410 

CLS: PRINT 


INPUT" DO YOU WANT TO CREATE ANOTHER DATA FILE? (Y/N) ";DEC$ 
IF DEC$-"Y" OR DEC$-"y" THEN 20 
END 


e222222292992229222922222222222222222222222222222222222229222922222229222292229222: 


, 


CLS:’ SUROUTINE “INPUT DATA" 

PRINT " INPUT THE FOLLOWING DATA: ": PRINT 

INPUT " SHIP NAME: ";SHIP$ 

INPUT " DISCRIPTION OF ISOLATORS IF USED ";ISO$ 

INPUT " DISCRIPTION OF BUILDUP: ";BUILD$ 

INPUT " DISCRIPTION OF WALE SHORES USED: ";WALE$ 

INPUT " DISCRIPTION OF DAMPING: ";DAMP$ 

INPUT " LOCATION OF DRYDOCK BEING STUDIED: ";DOCK$ 

INPUT " NAVSEA DOCKING DRAWING NUMBER: ";SEAS$ 

INPUT " REFERENCE SPREADSHEET STIFFNESS CALC FILE NAME: ";STIF$ 


INPUT " MISC. COMMENTS: ";COMM$ 

INPUT " SHIP WEIGHT (KIPS) W=";W 
INPUT " HEIGHT OF KG (IN) H-";H 
INPUT " MOMENT OF INERTIA (KIPS*IN*SEC“2) Ik="; IK 
INPUT " SIDE PIER VERTICAL STIFFNESS (KIPS/IN) Kvs=";KVS 
INPUT “ SIDE PIER VERTICAL PLASTIC STIFFNESS (KIPS/IN) Kvsp=";KVSP 
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DIV 
660 
670 
680 
690 
700 


720 
730 
740 
750 
760 
770 
780 
790 
800 
810 
820 
830 
840 
850 
860 
870 
880 
890 
900 
910 


мг ا‎ 


INPUT " 
INPUT " 
INPUT ^" 
INPUT " 
INPUT " 
INPUT “ 
INPUT " 
INPUT " 
INPUT " 
INPUT " 


INPUT 


INPUT " 
INPUT ' 
INPUT " 
INPUT " 
INPUT " 
INPUT `” 
INPUT ' 
INPUT ` 
INPUT " 


INPUT 
INPUT 


INPUT ` 
INPUT " 
INPUT " 


INPUT 
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PRINT:PRINT 


ABEL PLER VERTICAL STIFFNESS (KIPS/I1N) KVK=";KVK 
KEEL PIER VERTICAL PLAS STIFFNESS(KIPS/IN) KVKP=":KVKP 
HEIGHT OF WALE SHORES (IN) AAA="; AAA 
WALE SHORE STIFFNESS (KIPS/IN) KS=";KS 
SIDE PIER HORIZONTAL STIFFNESS (KIPS/IN) KHS=";KHS 
KEEL PIER HORIZONTAL STIFFNESS (KIPS/IN) KHK=" ; KHK 
SIDE PIER HORIZONTAL PLASTIC STIFFNESS(KIPS/IN) KSHP=";KSHP 
KEEL PIER HORIZONTAL PLASTIC STIFFNESS(KIPS/IN) KKHP=";KKHP 
RESTORING FORCE AT O DEFLECT KEEL HORIZ (KIPS) QD1=";QD1 
RESTORING FORCE AT O DEFLECT SIDE HORIZ (KIPS) QD2=";QD2 
RESTORING FORCE AT O DEFLECT SIDE VERT (KIPS) QD3=";QD3 
‘ RESTORING FORCE AT O DEFLECT KEEL VERT (KIPS) QD4=";QD4 
SIDE BLOCK WIDTH (IN) SBW="; SBW 
KEEL BLOCK WIDTH (IN) KBW=";KBH 
SIDE BLOCK HEIGHT (IN) SBH=";SBH 
KEEL BLOCK HEIGHT (IN) KBH=" : KBH 
BLOCK ON BLOCK FRICTION COEFFICIENT 01=";01 
HULL ON BLOCK FRICTION COEFFICIENT 02=";02 
SIDE PIER TO SIDE PIER TRANSVERSE DISTANCE (IN) BR=";BR 
SIDE PIER CAP PROPORTIONAL LIMIT SCPL=";SCPL 
KEEL PIER CAP PROPORTIONAL LIMIT KCPL=";KCPL 
' TOTAL SIDE PIER CONTACT AREA (ONE SIDE) (IN^2) SAREA=";SAREA 
" TOTAL KEEL PIER CONTACT AREA (IN^2) КАКЕА-";КАКЕА 
PERCENT CRITICAL DAMPING ZETA=";ZETA 
HULL NUMBER (XXXX) HULLS ) 
SYSTEM NUMBER (XXX) NSYS=";NSYS 
CAP ANGLE (RAD) BETA="; BETA 


930 INPUT " ARE THE ABOVE VALUES CORRECT Y/N"; YNS 

940 IF YN$="N" THEN GOTO 270 

950 CLS :PRINT 

960 PRINT:PRINT 

970 PRINT “ SHIP/SYSTEM DATA FILE INPUT COMPLETE " 

980 RETURN 

99O  'xxookokox OOOO OOOO KORO OOOO OK ick ا‎ 
1000 ’ 

1010 CLS: ’SUBROUTINE "PRINT DATA" 

1020 PRINT: PRINT `" жжжоНІР/50В DRYDOCK BLOCKING SYSTEM*** DATA FILE: ";F4$ 
1030 PRINT: PRINT " ***k INPUT FILE DATA***" 

1040 PRINT: PRINT 

1050 PRINT SHIP NAME: ",SHIP$ 

1060 PRINT " DISCRIPTION OF ISOLATORS IF USED: ";ISO$ 

1070 PRINT " DISCRIPTION OF BUILDUP: ";BUILD$ 

1080 PRINT " DISCRIPTION OF WALE SHORES USED: ";WALE$ 

1090 PRINT " DISCRIPTION OF DAMPING: ";DAMP$ 

1100 PRINT “ LOCATION OF DRYDOCK BEING STUDIED: ";DOCK$ 

1110 PRINT “ NAVSEA DOCKING DRAWING NUMBER: ";SEA$ 

1120 PRINT “ REFERENCE SPREADSHEET STIFFNESS CALC FILE NAME: ";STIF$ 
1130 PRINT " MISC. COMMENTS: “; COMMS 

1140 PRINT 

1150 PRINT 

1160 PRINT " PRESS ANY KEY TO CONTINUE... 

1170 F$=INKEY$: IF F$="" THEN 1170 

1180 CLS: PRINT 

1190 ’ 

1200 PRINT " SHIP WEIGHT (KIPS) W=";W 
1210 PRINT " HEIGHT OF KG (IN) =";H 
1220 PRINT " MOMENT OF INERTIA (KIPS*IN*SEC 2) Ik=";IK 
1230 PRINT " SIDE PIER VERTICAL STIFFNESS (KIPS/IN) Kvs=";KVS 
1240 PRINT " SIDE PIER VERTICAL PLASTIC ا اہ‎ (KIPS/IN) Kvsp=";KVSP 
1250 PRINT “ KEEL PIER VERTICAL STIFFNESS (KIPS/IN) KVK=" ; KVK 
1260 PRINT “ KEEL PIER VERTICAL PLASTIC STIFFNESS(KIPS/IN) KVKP-";KVKP 
1270 PRINT " HEIGHT OF WALE SHORES (IN) ="; ААА 
1280 PRINT “ WALE SHORE STIFFNESS (KIPS/IN) KS=";KS 
1290 PRINT “ SIDE PIER HORIZONTAL STIFFNESS (KIPS/IN) KHS=";KHS 
1300 PRINT “ KEEL PIER HORIZONTAL STIFFNESS (KIPS/IN) KHK=" ; KHK 


IDA 


POTD TAT .. 


coran NTH 


РТТ Т РР ИМАТИ а Р 


wr جح ری‎ m Y پر‎ (8 oT 00S tms mm o, vr YU £7 NS 8 
` 


туғаттта te 





پا ت2 
1320 


1330 
1340 


1350 
1360 
1370 
1380 
1390 
1400 
1410 
1420 
1430 
1440 
1450 
1460 
1470 
1480 
1480 
1500 
1510 
1520 
1530 
1540 
1550 
1560 
1570 
1580 
1590 
1600 
1610 
1620 
1630 
1640 
1650 
1660 
1670 
1680 
1690 
1700 
1710 
1720 
1730 
1740 
1750 
1760 
1770 
1780 
1790 
1800 
1810 
1820 
1830 
1840 
1850 
1860 
1870 
1880 
1890 
1900 
1910 
1920 
1930 
1940 
1950 
1960 
1970 


Бітімі ӘЖЕ; ірін 
PRINT " KEEL PIER 


PRINT “ RESTORING 
PRINT “ RESTORING 


PRINT “ RESTORING 
PRINT “ RESTORING 


rLADI LL 
PLASTIC 


DEFLECT 
DEFLECT 


DEFLECT 
DEFLECT 


۸1٢۲۵7 IN) Nonr-‏ اہ ہ٢۲۱‏ ل1( ات 


STIFFNESS(KIPS/IN) KKHP=" 


KEEL HORIZ 
SIDE HORIZ 


SIDE VERT 
KEEL VERT 


PRINT " GRAVITATIONAL CONSTANT (IN/SEC^2) 


PRINT: PRINT) `“ 
F$=INKEY$: IF F$="" 


GES: PRINT 


, 


PRINT " SIDE BLOCK WIDTH 
PRINT " KEEL BLOCK WIDTH 


(IN) 
(IN) 


PRINT " SIDE BLOCK HEIGHT (IN) 
PRINT " KEEL BLOCK HEIGHT (IN) 
PRINT " BLOCK ON BLOCK FRICTION COEFFICIENT 
PRINT " HULL ON BLOCK FRICTION COEFFICIENT 


PRESS ANY KEY TO CONTINUE... " 


PRINT " SIDE PIER CAP PROPORTIONAL LIMIT 
PRINT " KEEL PIER CAP PROPORTIONAL LIMIT 
PRINT " TOTAL SIDE PIER CONTACT AREA (ONE SIDE) (IN^2) SAREA-" 
PRINT " TOTAL KEEL PIER CONTACT AREA 
PRINT " PERCENT CRITICAL DAMPING 


PRINT " HULL NUMBER (XXXX) 
PRINT " SYSTEM NUMBER (XXX) 
PRINT " CAP ANGLE (RAD) 

PRINT:PRINT " 
F$=INKEY$: IF F$="" 


RETURN 


(IN^2) 


PRESS ANY KEY TO CONTINUE... 


(HEB) 8: 


KIPS 
(KIPS) QD3=" 
(KIPS) QD4=" 

GRAV=" 


SBW-" 


KBW="; 


SBH= 


KBH="; 
üls“. 
0257: 

PRINT “ SIDE PIER TO SIDE PIER TRANSVERSE DISTANCE (IN) BR="; 


SCPL=" 


KCPL=" 


KAREA=" ; 
ZETA=" 
BULL 


NSYS=" 


BETA=" 


,Aonr 
; KKHP 


, 


: QD3 
;QD4 
; GRAV 


E22222222222222222222222222222222222222222222 2222 22 2 2 22 222222 29 22 22 2222222: 


, 


'SUBROUTINE “STORE DATA" 
IF NN<>2 THEN 1670 


CLS: PRINT 


INPUT " INPUT THE NAME OF THE MODIFIED DATA FILE: 
F4$=ABC$+MD$ 
OPEN F4$ FOR OUTPUT AS #1 


PRINT#1,USING A$;W;H; IK; KVS; KVSP; KVK; AAA; KS 
PRINTS1,USING B$;KHS;KHK;KSHP;KKHP;QD1;QD2;QD3;GRAV 
PRINT#1, USING C$; SBW; KBW; SBH;KBH;U1;U2 
PRINT#1,USING D$;BR;SCPL;KCPL; SAREA; KAREA; ZETA 
PRINT#1,USING E$;HULL; NSYS; BETA; QD4;KVKP 


PRINT81," 
PRINT#1," 
PRINT#]," 
PRINTR1," 
PRINT#1," 


PRINT#1,SHIP$ 
PRINT#1, ISO$ 
PRINT#1, BUILDS 
PRINT#1, WALES 
PRINT#1,DAMP$ 
PRINT#1,DOCK$ 
PRINT#1,SEA$ 
PRINT#1,STIF$ 
PRINT#1, COMM$ 


, 


CLOSE #1 
RETURN 


, 


" MD$ 


) YK Kk K K K 9 K X K K KOK K KOK KOK K OROK KOR K ORO OK Oj Oromo A A A A 2 2 22 2 25 $2222 $2 $2 2$ S. 


, 


CLS: 'SUBROUTINE “RECALL DATA" 


PRINT WAIT! 11! 
OPEN F4$ FOR INPUT AS #1 


INPUTING PREVIOUS DATA FILE 


INPUT#1, W,H, IK, KVS, KVSP, KVK, AAA, KS 
TNPIIT#1 KHS KHK KSHP ККНР ОП1 QN? ONR RRAV 
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1980 
1990 
2000 
2010 
2020 
2030 
2040 
2050 
2060 
2070 
2080 
2090 
2100 
2110 
2120 
2130 
2140 
2150 
2160 
2170 
2180 
2190 
2200 
2210 
2220 
2230 
2240 
2250 
2260 
2270 
2280 
2290 
$) 

2300 
2310 
2320 
2330 


2340 
2350 
2360 
2370 
2380 
2390 
2400 
2410 
2420 
2430 


2440 
2450 
$) 

2460 
2470 


2480 
2490 


2500 
2510 


2520 
2530 


2540 
2550 


INPUT#1, SBW, KBW, SBH, KBH, U1, U2 


INPUT#1, BR, SCPL, KCPL, SAREA, KAREA, ZETA 


INPUT#1, HULL, NSYS, BETA, QD4, KVKP 


INPUT#1,NULLS$ 
INPUT#1, NULLS$ 
INPUT#1,NULL$ 
INPUT#1,NULLS 
INPUT#1,NULL$ 
INPUT#1, SHIPS 
INPUT#1, ISO$ 


INPUT#1, BUILDS 


ТМРЏТИ1, МАГЕ 5 
INPUT#1, DAMP$ 
INPUT#1, DOCKS 
INPUT#1, SEA$ 
INPUT81,STIF$ 
INPUT81, COMM$ 
CLOSE 81 
RETURN 


OOO OOOO GOOG moi kc KC OK KC E KC E KD E E E EC DC Dk DK kK kk DK E DK kk Kk kk 
CLS: ’ SUBROUTINE “MODIFY DATA" 


PRINT " SHIP WEIGHT 
INPUT “NEW VALUE: *NO CHANGE: PRESS ENTER* 


(KIPS) 


PRINT “ HEIGHT OF KG (IN) 


INPUT “NEW VALUE: 


PRINT " MOMENT OF INERTIA 


*NO CHANGE PRESS ENTER* 
(KIPS*IN*SEC^2) 
INPUT “NEW VALUE *NO CHANGE PRESS ENTER* 


A=";W 
W=";I$:IF I$<>""THEN W=VAL(I$) 
EH 


H="; 
H=";Q$: IF Q$<>""THEN H=VAL(Q$) 
Ik="; IK 
Tk=";Q$: IF Q$<>""THEN IK=VAL(Q$) 


PRINT “ SIDE PIER VERTICAL STIFFNESS (KIPS/IN) Kvs=";KVS 

INPUT “NEW VALUE *NO CHANGE PRESS ENTER* Kvs=";Q$: IF Q$<>""THEN KVS=VAL(Q$) 
PRINT " SIDE PIER VERTICAL PLASTIC STIFFNESS (KIPS/IN) Kvsp=";KVSP 

INPUT "NEW VALUE *NO CHANGE PRESS ENTER* Kvsp=";Q$:IF Q$<>""THEN KVSP=VAL(Q 


PRINT “ KEEL PIER VERTICAL STIFFNESS (KIPS/IN) 


КУК=" ; КУК 


INPUT “NEW VALUE *NO CHANGE PRESS ENTER* Kvk=":;Q$: IF Q$<>" "THEN KVK=VAL(Q$) 


PRINT “ KEEL PIER VERTICAL PLASTIC STIFFNESS(KIPS/IN) 


KVKP=" ; KVKP 


INPUT "NEM VALUE *NO CHANGE PRESS ENTER* Kvkp=";Q$: IF Q$<>""THEN KVKP=VAL(Q 


PRINT " HEIGHT OF WALE SHORES (IN) AAA="; AAA 
INPUT "NEW VALUE *NO CHANGE PRESS ENTER* AAA=";Q$: IF Q$«»""THEN AAA-VAL(Q$) 


PRINT “ WALE SHORE STIFFNESS (KIPS/IN) 


KS=";KS 


INPUT “NEW VALUE *NO CHANGE: PRESS ENTER* KS=";Q$: IF Q$<>""THEN KS=VAL(Q$) 
PRINT “ SIDE PIER HORIZONTAL STIFFNESS (KIPS/IN) KHS=";KHS 

INPUT "NEW VALUE *NO CHANGE PRESS ENTER* Khs=";Q$: IF Q$<>""THEN KHS=VAL(Q$) 
PRINT “ KEEL PIER HORIZONTAL STIFFNESS (KIPS/IN) KHK=" ; KHK 

INPUT "NEW VALUE *NO CHANGE PRESS ENTER* KHK=";Q$:IF Q$<>""THEN KHK=VAL(Q$) 
PRINT “ SIDE PIER HORIZONTAL PLASTIC STIFFNESS(KIPS/IN) KSHP=";KSHP 

INPUT "NEW VALUE *NO CHANGE PRESS ENTER* KSHP=";Q$: IF Q$<>""THEN KSHP=VAL(Q 


PRINT " KEEL PIER HORIZONTAL PLATIC STIFFNESS(KIPS/IN) KKHP=";KKHP 
INPUT “NEW VALUE *NO CHANGE PRESS ENTER* KKHP=";Q$: IF Q$<>""THEN KKHP-VAL(Q 


PRINT “ RESTORING FORCE AT O DEFLECT KEEL 
INPUT "NEW VALUE *NO CHANGE PRESS ENTER* 


PRINT “ RESTORING FORCE AT O DEFLECT SIDE 
INPUT "NEW VALUE *NO CHANGE PRESS ENTER* 


PRINT “ RESTORING FORCE AT O DEFLECT SIDE 
INPUT "NEW VALUE *NO CHANGE PRESS ENTER* 


PRINT “ RESTORING FORCE AT O DEFLECT KEEL 
INPUT “NEW VALUE *NO CHANGE PRESS ENTER* 


PRINT “ GRAVITATIONAL CONSTANT (IN/SEC^2) 


HORIZ (KIPS) QD1-";QD1 
QD1=";Q$: IF Q$<>""THEN QD1=VAL(Q$ 


HORIZ (KIPS) QD2=";QD2 
QD2=";Q$: IF Q$<>""THEN QD2zVAL(Q$ 


VERT (KIPS) QD3=";QD3 
QD3=";Q$: IF Q$<>""THEN QD3=VAL(Q$ 


VERT (КІР5) QD4=";QD4 
QD4=";Q$: IF Q$<>""THEN QD4=VAL(Q$ 


GRAV="; GRAV 


INPUT "NEW VALUE *NO CHANGE PRESS ENTER* GRAV=";Q$:IF Q$<>""THEN GRAV=VAL(Q 
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2560 
2570 
2580 
2590 
2600 
2610 
2620 
2630 
2640 
2650 
2660 
2670 
2680 
2690 
2700 
2710 
$) 
2720 
2730 
$) 
2740 
2790 
(Q$) 
2760 
2770 
(Q$) 
2780 
2790 
$) 
2800 
2810 
Q$) 
2820 
2830 
$) 
2840 
2850 
$) 
2860 
2870 
2880 
2890 
2900 
2910 
Q$ 
2920 
2930 
2940 
2950 
2960 
2970 
2980 
2990 
3000 
3010 
3020 
3030 
3040 
3050 
3060 


PRINT 
INPUT 
PRINT 


INPUT 


PRINT " 


INPUT 


PRINT " 


INPUT 


PRINT " 


INPUT 


PRINT ” 


INPUT 
PRINT 
INPUT 


PRINT " 


INPUT 


PRINT " 


INPUT 


PRINT " 


INPUT 


PRINT ~ 


INPUT 


PRINT " 


INPUT 


PRINT ^" 


INPUT 


PRINT " 


INPUT 


PRINT ” 
"NEW VALUE *NO CHANGE PRESS ENTER* 


INPUT 


PRINT ^" 
"NEW VALUE *NO CHANGE PRESS ENTER* 
DISCRIPTION OF ISOLATORS IF USED: 
"NEW VALUE *NO CHANGE PRESS ENTER* 


INPUT 


PRINT ~ 


INPUT 


PRINT " 


INPUT 


PRINT " 
"NEW VALUE *NO CHANGE PRESS ENTER* 


INPUT 


PRINT " 
"NEW VALUE *NO CHANGE PRESS ENTER* 
LOCATION OF DRYDOCK BEING STUDIED: 
"NEW VALUE *NO CHANGE PRESS ENTER* 
"; SEA$ 


INPUT 


PRINT ” 


INPUT 


PRINT " 
“NEW VALUE *NO CHANGE PRESS ENTER* 
REFERENCE SPREADSHEET STIFFNESS CALC FILE NAME: ";STIF$ 


INPUT 


PRINT " 
"NEW VALUE *NO CHANGE PRESS ENTER* 


INPUT 


PRINT " 


INPUT 


RETURN 


, 


" SIDE BLOCK WIDTH (IN) 
"NEN VALUE *NO CHANGE PRESS ENTER* 
KEEL BLOCK WIDTH (IN) 


"NEW VALUE *NO CHANGE PRESS ENTER* 
SIDE BLOCK HEIGHT (IN) 
“NEW VALUE *NO CHANGE PRESS ENTER* 
KEEL BLOCK HEIGHT (IN) 
“NEW VALUE *NO CHANGE PRESS ENTER* 


“NEW VALUE *NO CHANGE PRESS ENTER* 
“NEW VALUE *NO CHANGE PRESS ENTER* 


SBW-";SBW 
SBW-";Q$:IF Q$«»""THEN SBW-VAL(Q$) 
KBW-";KBW 


KBWz";Q$:IF Q$«»" "THEN KBW-VAL(Q3) 


SBH=";SBH 
SBH=";Q$: IF Q$<>""THEN SBH=VAL(Q$) 
KBH=" ; KBH 


KBH=";Q$: IF Q$<>""THEN KBH=VAL(Q$) 


BLOCK ON BLOCK FRICTION COEFFICIENT 01=";01 


Ul=";Q$: IF Q$<>"" THEN Ul=VAL(Q$) 


HULL ON BLOCK FRICTION COEFFICIENT 02=";02 


U2=";Q$: IF Q$<>" "THEN U2=VAL(Q$) 


" SIDE PIER TO SIDE PIER TRANSVERSE DISTANCE (IN) BR="; BR 


"NEW VALUE *NO CHANGE PRESS ENTERx 
SIDE PIER CAP PROPORTIONAL LIMIT 
"NEW VALUE *NO CHANGE PRESS ENTER* 


KEEL PIER CAP PROPORTIONAL LIMIT 
“NEW VALUE *NO CHANGE PRESS ENTER* 


PERCENT CRITICAL DAMPING 


"NEW VALUE *NO CHANGE PRESS ENTER* 


HULL NUMBER (XXXX) 


“NEW VALUE *NO CHANGE PRESS ENTER* 


SYSTEM NUMBER (XXX) 


“NEW VALUE *NO CHANGE PRESS ENTER* 


CAP ANGLE (RAD) 


SHIP NAME: “, SHIPS 


DISCRIPTION OF BUILDUP: ";BUILD$ 
“NEW VALUE *NO CHANGE PRESS ENTER* 


DISCRIPTION OF WALE SHORES USED: 
DISCRIPTION OF DAMPING: ";DAMP$ 


NAVSEA DOCKING DRAWING NUMBER: 


MISC. COMMENTS: "; COMMS 
"NEW VALUE *NO CHANGE PRESS ENTER* 


BR=";Q$: IF Q$<>" "THEN BR=VAL(Q$) 
SCPL=";SCPL 
SCPL=";Q$: IF Q$<>""THEN SCPL=VAL(Q 


KCPL-";KCPL 
KCPL=";Q$: IF Q$<>""THEN KCPL=VAL(Q 


TOTAL SIDE PIER CONTACT AREA (ONE SIDE) (IN^2) SAREA-";SAREA 
“NEW VALUE *NO CHANGE PRESS ENTER* 


SAREA=";Q$: IF Q$<>""THEN SAREA=VAL 


TOTAL KEEL PIER CONTACT AREA (IN^2) KAREA=" ; KAREA 
“NEW VALUE *NO CHANGE PRESS ENTER* 


KAREA=";Q8: IF Q$<>""THEN KAREA=VAL 


ZETA="; ZETA 
ZETA=";Q$: IF Q$<>""THEN ZETA=VAL(Q 


HULL=" ; HULL 
HULL=";Q$: IF Q$<>""THEN HULL=VAL( 


NSYS=";NSYS 
NSYS=";Q$: IF Q$<>""THEN NSYS=VAL(Q 


BETA="; BETA 
BETA=";Q$: IF Q$<>""THEN BETA=VAL(Q 


SHIP$=";Q$: IF Q$<>""THEN ӨНІР%-0% 
21503 

ISO$=";Q$: IF Q$<>""THEN ISO$=Q$ 
BUILD$=";Q$: IF Q$<>""THEN BUILD$= 


‘; WALES 
WALE$=";0Q$: IF Q$<>""THEN WALE$-Q$ 


DAMP$=";Q$: IF Q$<>""THEN DAMP$=Q$ 
";DOCK$ 

DOCK$-";Q$:IF Q$«»""THEN DOCK$-Q$ 

SEA$2";Q$:IF Q$«»" "THEN SEA$-Q$ 

STIF$-";Q$:IF Q$«»" "THEN STIF$-Q$ 


COMM$=";Q$: IF Q$<>""THEN COMM$=Q$ 


E KK EK DE DK E E E DK DK E DK E DK E DK DK DK CCC DK KK DK DK KC E DK DK CE DK DK OK DK OC DK DK DK DK CK DK CK E DK DK DK KK DK KK DK KK E DK DK OK KK KK f 
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7. 
8. 
9. 


APPENDIX 3 


Typical Accelerogram Header 

Layout Sheet for USS Leahy 

Long Beach Dry Dock # 3 

Leary Horizontal and Vertical 
Stiffness Spreadsheets 

system 1-11 and GSS Leahy 

۶ 9 ۶16 ۲(۶ تک 

Leahy XEL, QD, KU, and KD Values 
for Bilinear Douglas Fir Caps 
Rotational Moment of Inertia 
Calculation for USS Leahy 
"ЗРОЕКОВ" USS Leafy Input Data File 
Leafy Cap Angle Regression Analysis 
"SDOFRUB" (055 Leahy Output File 
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Typical  Accelerogram Header 


~ ہے ہ 


2.۲ 30۰۲6.0۰6 ص2 ى2‎ 55:665 SII US ©€7.101.0 COMP VEAI FILE 
ТЕ о OF UNCORRECTED ACCELEROGRAM DATA ОЕР Уа! мс І: 
EN 656 eer T HOLA Е 

S DT УУЕУ 751442 GMT 

251 21€) EXON 

ee mscr 0001 EE 45 14N 118 15 48и 

ег еү‏ ط2 

МЕ VERT 

AHITTIER EARTHQUAKE GET wl, 1987 -1442 GMT 

EFICENTER - 24 OZ 29М 118 04 TOW 

LINSTA БЕКШЕ = 2017 Ес DAMPING = .590 SENSITIVITY = 

na. СЕ EONS = 20 DURATION = 16.754 SEC 

UNITS ARE SEC AND G/10 mers 

NEUSCACCEN. OF COMPLETE RECORD = 21:51 557211) 

ESBEFERBGRAM IS BAND-FASS FILTERED BETWEEN .200- „200 AND 


ао. 0-27, 


CORRESFOIRLING Т. 


12/8 CM/G 


00 


15 


~ > 


= == 


18 
79 

9 

9 
44 
ES 
59 
50 


_ 


45 


GvG,SEC. 


ES INSTRUMENT AND BASELINE CORRECTED DATA 
at C@UALLY-SPACED INTERVALS OF ¿020 CEC, 
== A? کت‎ 10м = = 00 CMS/SEC/SEC AT 22-20 == 
:۵ع‎ 6 ۷٦ = еі ۵٥۵۸ (oS SE AT 21,650 Sec. 
ع۴۰‎ ۵۲ DISFLAC m. = 12200 CMS AT 14.750 SED. 
EIBNITIAL VELOSITY = soe ee ЕМБУ БЕС: INITIAL DISPLACEMENT = =. 0720 CMS 
WHITTIER EARTHOUA E 2 0 1987 -1442 GMT 
MAGNITUDE = 5.9 EPICENTRAL DISTANCE = 76.74 FM MMI. = o. 
ТЕРИС 87.101.0 DDI LENSY COMP VERT 
o 4 4 Zoo 57 101 O 1 1 хо 55 A NG 125 4g 24 
E 25 118 4 290 10 و‎ Gm a e mu 1% 9 44 o 
O O O o O о O (о O O O O O C) O о 
о Ко О 2220 819 4 10 10 1 O 44 45 10 10 2 410 
= 164 O Q O O Q O о О Q Q O O ۵ O 
O о 0 о O O О О а O 0 о O O О O 
O O Q e 
0-7 . 590 16.254 $051 · 100 Iv BO Е RI ا ا ا‎ 7 
а Уа 216 0 20 0 3.700 00ء‎ S. 000 40ء‎ ‚ооо 
. QOO · ООО · 000 a DOL) ., QOO ‚ Ооо) 000 ‚ ооо) 
¿OOO 00ء‎ 000 , QOO . QOO . ООО . ООО . OOO 
· 000 ‚ооо ¿ODO 2900 2000) · 000 · 000 · 000 
e ODO ., QOO асо ‚ ооо ‚ ооо ‚ ©оО ‚ ооо ¿000 
. 000 . O00 1.000 93.067 «005 16.25 169.818 1.000 
1.600 27.000 2.000 122 Ей 60 · 400 ¿100 ‚Ооо 
2: 620 =13,050 115690 - +۷٦ 14.750 „17 -.022 2 400 
2€. 000 . 200 2200 -.0172 11.940 -1.081 4.800 [170 
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Layout Sneet for USS Leahy 
Long Beach Dry Dock #3. . 


2 
E 77 7 2/7 لم‎ BUSHIPS 1948741 REV. 1 
10'-6" (ON DECLIVITO. — 5-5 


X 4: ^ > x 
USS LEAHY C6-16 DRYDOCK NUMBER 3 ON CENTERLINE BOY! SOUTH Ма NUMBER 2 


LOA 532'-6 5/16" x ВЕАМ 54'-9" 1 
RUDDER 7'-9" TO 22'-3" FROM SRP ON CENTERLINE-------- 30 3/4” BELOW BASE 
PROPS 31'-6" FROM SRP 10'-6" OFF CENTERLINE P/S------ 3-3 7/8" BELOW BASE 
AFT KHUCKLE 103'-0" FROM د‎ > OMIT PIERS AFT 
CENTERLINE NUMBER 1 BILGE BLOCKS 178°-0” FROM SRP---- RATTENS AFT SIDE? 
ROD METER 294'-11* FROM SRP 3'-3 1/2" YO PORT-------- OMIT PIERS 2-0" Ғад 
ӘЛЕГІ 2662-67 РВОМ ЕР OMIT PIERS FWD X 
SONAR DOME 468’-10" TO 506'-4" FROM SRP-------------- 5'-5" BELOW BASE 
FM) PERPENDICULAR 513'-11" FROM STERN REFERENCE POINT * 
р x 
_DOCKSIDES 






AOA 581-9" * x 
RUDDER 574-0" TO 559’-6" 
PROPS 550'-2" 
AFT KNUCKLE 4787-9779 
C/L NO. 1 BILGE BLOCKS 403-9" “~~ 
== ur — 
ROD METER 28e -10" 

_ " 2 
FWD KNUCKLE 115-3" 2 b 
SONAR DOME 112'-11" TO 75'-5" 
FWD PERPENDICULAR 67'-10" ۲ 
FOA 49'-2 11/16" ^ 


e |205,-3' 
01-6" ] 180" -3". 






2057 





X 
USS LEAHY CG-16 


x 
er BLOCKS 


А u 18" 
NO. | B-HB B-HT | C-HT В-НТ | С-НТ 



















2 13-5-4 3-3-3 | 3-9-5 | 3-3-3 | 3-005 | 
Ligen: [292,54 | za заа, 
са (3-9-0 (2-6-0 13-0-3 | 2-6-2 3-0-6" 
ава 7 БЕН 
5 |13-113 2e (272 214245 
11-11-71 2-6-4 | 2-0-0 7 2-6-5 | 
шве а Juez Fiss” "1-8-1" 
117-6 Y 1-3-4 11-8-6 | 1-3-7 (| 1-9-1 ` 
مد‎ (1-7-5 jowr Som Y| 1-5-0 1-10-4 
11 (11-7-1 7127-0 2-0-0 || 1-6-6 | 2-0-5 | 
1-9-0 | 2-3-5 00 
ho [nos asas 1 
12-541 12:11:21 2031 12-113 
15 [11-1-1 ‘| 2-6-6 “]3-4-2 2-7-1 | Заг 
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_1 |13-3-5+ | 3-9-6 |4-4-1 7 3-0-6 аде]. 








сесі BUX 


Leany Horizontal and Vertical  "7?'? ^c 
67-488 Stiffness Spreadshects. 








è ° • eL 39 9 Q 
HORIZONTAL STIFFNESS MATRIX FOR 4 LAYERS ORIGINAL PER DOCKING DRAWING A 
USS LEAHY PLASTIC 12 e 
THIS 1S A KEEL SYSTEM FOR USS LEAHY C6-16 WITH 12 FT BUILDUP a 
12 FOOT CENTERS 
ELEMENT 8 1 CONCRETE 
DEPTH TRANSVERSE HEIGHT 
El 7 н! T LI 
(PS]) (IN) (IN) 0174) (18) 
4000000 42 % 3096576 48 
JPEM1/LI^3 EH 4111/1 1111 
1344000000 32256000000 102219000000 516096000000 
RIGIDITY ТОР SHEAR ELEMENT 
617 CONTACT STRAIN SHEAR 
(PS1) AREA (IN/IN) DEFLECTION 
(2) (IN) 
2400000 4030 0.0000001033 0.000004903 
ELEMENT #2 CONCRETE 
DEPTH TRANSVERSE HEIGHT 
E2 Be He le 2 
(PSI) (IN) (IN) (IN'4) ам) 
4000000 42 48 387072 & 


10£212/L2"3 X eEele/Le'e 0822 Оо 


64625093,914  2122628099.2 5383562364 46917818192 


Ж AA ee em eee 


RIGIDITY ТОР SHE SF ELEMES; 
lr TACT STRAIN SHEAR 
(PS1) AREA (IN/IN) DEFLECTION 

(са) | (IN) 
2400000 2016 0.0000002067 0.0000136409 


2193 











DEF Tb TRAN EESE HET OF” 
ЕЗ B3 H3 13 ES 
(PST) (IN) (IN) (ІК 4) (IN; 
335700 42 64 917504 3 
1831: 6/52 4313/3 863/3 


1.906 2+9 4 0 2.0535Е+10 


RIGIDITY TOF SHEAR ELF st "HI 
eir CONTACT STRAIN SHEAR 
(PSI) AREA (IN/IN) ЕНИ ۸ 
(IN 2) (IN) 
23980 2633 0.0000155139 0.004676 


ELEMENT #4 DOUGLAS FIR 





[£F TH TRANSVERSE HEI GI 
E4 84 H4 14 L3 
(PSI) (IN) (IN) (INQ: (IN) 
45524 42 ee 61516 6 
le£4]14/L43 6414/472 4414/14 414/14 





1.66 156 +08 4 SBE +08 1.9426 +09 9.9719 +00 


RIGIDITY TOF SHE AR ELEMENT 
6lr CONTACT STRAIN SHEAR TOTAL 
(PST) AREA (IN/IN) DEFLECTION SHEAR 
ка) (IN) DEFLECTION (IN) 
3474 764.4 0.6003766ё75 685 e. 7438€ -03 
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041. 60931206671 
Sb 80«3//G86' b- 
٣ 66 
۲ 80+3160 
£4) 00*30000*0 
Eb 004300000 
24) 00+30000*0 
20 00+30000*0 
(12971000070 


tb 00+30000° 0 





80+ 311686" b- 


80432619971 


80+ 111586" b- 


804 326 1997 1- 


00*30000'0 


00+30000*0 


00+30000° 0 


(0% 30000" 0 


00% 30000" 0 


09% 0000" 0 


80+3166 


80« 32LG86' b- 


01«3t90€' t 


503-6557 1- 


01+3002 


60*35£G0' 2 


00+ 30000° 0 


ut, *Juocou' 0 


00+30000* 0 


00+ 20000" 0 


B0*3/ LGB6" b 


80+ 306193" I- 


60+ 3606S" l- 


80+ 6 


60+3660" 0- 


80+3069Е" |- 


00+30000° 0 


nn DIO 


00*30000' 0 


00+ 39000" 0 


00+30000" 0 


00*30000'0 


01434860 с 


60930260: 2- 


VI+316bÉ* 1 


LO+32E16"L- 


0 +6 


„њега 


00+30000° 0 


(е 00070 


(9% 30000" 0 


00+ 30000" 0 


60+ 36260" о 


80+ 30532" | - 


(09832616 1- 


80%3061072 


60839281 2- 


и 4999" 3- 


00+30000" 0 


00: 30000" 0 


00+30000° 0 


00+ 30000" 0 


00+30000° 0 


00+ 30000°0 


01+38169" b 


60+390£ 1" 2- 


21430921 1 


01632210:6- 


11+30191" 5 


01 33500' Е 


(ІШІН 553434115 


09300000 
00+ 30000° 0 
00+30000° 0 
00+ 30000" 0 
600,0 


L0+3629b" 9- 


01+3£210°E- 


60! 34506" T 


01+39Ge2" €- 


501 3000671- 


00+ 30000° 0 
(9% 300007 0 
00+30000° 0 
00+30000° 0 
00+ 30000° 0 
00+ 30000°0 


1+016 


01322 5- 


21:3226071 


06 


00+30000° 0 
00+ 30000°0 
00+30000* 0 
00+30000* 0 
00+30000* 0 
00+30000*0 


006 


60930856 71- 


ع +01 


60+3061 
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KNOWN. VALUES: 4 OF SYSTEM BLOCKS = 


QI = -1000 Ibs 
Mi = Qir (LI+L 2434) = -150000 IMMLBS 
02 = 2 = Q3 = КЗ = = 64 = М 0 

z 1000 106 
ql = thl= 0 
SOLVED UNKNOWNS : 


qêz 0.0000124628 ın 


the 0.0000004883 rad 





-bI -Be 

43  0.0001578266 1n -2846 .7317806 -1743%.69421 
113 0.0000034296 гад 

44 0.0002980964 in -29556.937031 -499717.35324 
th4 0,0000054749 rad 

45 0.0002550lee in 55512722 465 а 

{hS 0.000011492 rad 

K (REND HORIS) FOR I KEFL BLOG = 3364 + < н. 536 е 

K (BEND HORIZ) ALL KEEL BLOCKS = «e012 79823.1 Ibs/ın 8017 8231 KIPS/IN 


MATRIX CHECK: 


QI = - 1000 .0000 
Al = - 150000 .0000 
02 = 0,0000 
Me = 0.0000 
g3 - 0.0000 
МЗ = 0.0000 
04 = -0.0000 
M = -0.0000 
85 = 1000,0000 
М = 0.0000) 


m e зовж эээ‏ سی OS OOS SC OS s m A A A OS CSO SS SSE OSTEO EP WE WE MED Qm Qm amm um s s р лийр e‏ ہس ےہ ہد 


TOTAL KEEL BLOCK HORIZONTAL STIFFNESS COEFFICIENT CALCULATION: 
USS LEAHY 00-16 PLASTIC - 


њива све ар ава دہ حد کت ہے سے۔ دہ‎ ар ہے‎ ар а دہ دہ سے‎ IT НЬ Ñ IA UD UD s v... - v... m m om m 6 


Khk (SIDEBLOCK HORIZONTAL STIFFNESS) = P/(BENDING DISPL + SHEAR DISPLACEMENT) 


Khk = 61٭ا‎ 0۷ (PEN ۴۲۷ 
Khk : 19362.33 КІРЅ/ІМ (ENTIRE KEEL BLOCK SYSTEM) 
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HORIZONTAL STIFFNESS MATRIX FOR 4 LAYERS 


27-Jan-88 


ORIGINAL PER DOCKING DRAWING 











USS LEAHY PLASTIC 
THIS IS A SIDE BLOCK SYSTEM FOR USS LEAHY CG-16 WITH 12.5 FT BUILDUP 
12 FOOT CENTERS 
ELEMENT 4 1 CONCRETE 
DEPTH TRANSVERSE HEIGHT 
El ВІ НІ H (1 
(PSI) (IN) (IN) (104) (IN) 
4000000 % 168 37933056 48 
12111153, 611122 4E111/L1 гаинл 
16464000000 395136000000 12644352000000 63221 76000000 
RIGIDITY TOP SHEAR ELEMENT 
eir CONTACT STRAIN SHEAR 
(PSI) AREA (1N/1N) DEFLECTION 
ка) (1N) 
2400000 16128 0.0000000258 0.000001 2401 
ELEMENT @ 2 CONCRETE 
DEPTH TRANSVERSE HEIGHT 
22 Be ке Ie Le 
(PSI) (IN) (IN) (IN 4) (IN) 
4000000 48 100 4000000 66 
٣212/3 6/2 4£212/L2 e£ele/Le 
667835378.58 22038567493 969696969697 484848484848 
RIGIDITY TOP SHEAR ELEXENT 
6lr CONTACT STRAIN SHEAR 
(PST) AREA (IN/IN) DEFLECTION 
(IN e) (IN) 
2400000 3360  0.000000124 0.0000081945 
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ELEMENT #3 ОЖ 








DEPTH TRANSVERSE HEIGHT 
E3 B3 H3 13 L3 
(PST) (IN) (IN) (IN 4) (IN) 
335720 50 93 3351487.5 5? 
12Е313/133 6Е313143°2 4E313/L3 2€313/13 
7.2907Е%07 2.077® +09 7.895% +10 310 
RIGIDITY TOP SHE AR ELEMENT 
eir CONTACT STRAIN SHEAR 
(PST) AREA (IN/ IN) DEFLECTION 
(1872) (IN) 
23990 4650 0.000008968 +07 
ELEMENT #4 DOUGLAS FIR 
DEPTH TRANSVERSE HEIGHT 
E4 84 H4 14 L3 
(PS1) (IN) (IN) (IN*4) (IN) 
48629 e8 18 13608 6 
12084141443 6414/1472 4E414/L4 e£414/L4 
3.6764Е+07 1.102% +08 4.4116E*08 008 86 
RIGIDITY TOP SHEAR ELEMENT 
Віт СОМТАСТ STRAIN SHEAR TOTAL 
(PST) AREA (IN/IN) DEFLECTION SHEAR 
(IN*2) (IN) DEFLECTION (IN) 
3474 504  0.0005710184 0.0034273102 3.947%-03 
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— —— — ھی ت‎ бар m RE жұ. же же «в же «> «> «> A A A oe oe ee ee ee eee Oe Oe سو ت ت سو سو کے و ت مو سو کو کے‎ © eee wwe ee ee oe oe wee ee ee eee XD m Ñ Ñ < s o нэ 


٤ 70٤ 


69 80431620171- 


۱ 2 
٢ 161 
EU} 00+30000°0 
ED 00+30000° 0 
24) 00+30000* 0 
20 00+30000* 0 
14} 00+30000" 0 


15. 00+ 30000" 0 


80+316201' 1- 80+318502" 2 


10%%59/9 6 909316201 1- 


80«316201' 1- 01430006" L 


LO*3SE9L9' E- 60*39,96" [- 


00+30000* 0 
00» 30000" 0 
00+ 30000°0 
00+ 30000° 0 


00*30000' 0 


0 66/6 


660 


00+ 30000° 0 


00+30000° 0 


00+30000'0 


00+ 30000°0 00*30000'0 


80431620171 


LIENS E- 


60+39/96" 1- 


80+ 31960" 1 


60436110: 8- 


L0«3:062' L- 


00*30000' 0 


00+30000°0 


00+ 30000° 0 


00+30000°0 


00+ 30000°0 


00+ 30000° 0 


01+36Lb6"E 


60+36LL0"2- 


21431801 


01431966: 1- 


11 +3688" b 


0 0 667 


00+ 30000° 0 


00+ 30000" 0 


00+ 30000" 0 


00+ 30000" 0 


600 


06 


01+31966" 1- 


90430109 1 


01436800 2- 


80+ 3819" 3- 


00+ 30000° 0 


00+ 30000" 0 


00+ 30000" 0 


00+30000° 0 


00+ 30000°0 


00+30000'0 


[1+358%8" + 


01+36£02" 2- 


11 


MIELE- 


20 9 


66 


۲۱۵۱۷ 553033115 


00+30000° 0 


00+ 30000" 0 


00+ 30000" 0 


00% 30000" 0 


00602 


80+ 37849" 9- 


11430161 6- 


0 1 


11430166 Е- 


01439999 :1- 


00+ 30000° 0 


00+ 30000" 0 


00+ 30000° 0 


00+ 30000" 0 


00+ 30000 ° 0 


00+ 30000°0 


2 19 


30166 Е- 


EI *3bt92" I 


11+36156' 


00+30000" 0 
00+30000" 0 
00+30000" 0 
00+30000" 0 
00+30000" 0 
00+ 30000°0 


ПЕЊЕ 


01439999" 1- 


143015676 


01439999: | 





d Y E о а x 5 е 
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KNOWN VALUES: ¢ OF SYSTEM BLOCKS = 14 
81 - -1000 196 








Al = Q18(LitLe+L3+L4) = -177000 INLBS 
Ge = Ке = 03 = МЗ = М = (4 = 5 0 

05 = 1000 lbs 

qi = thi= 0 

SOLVED UNKNOWNS : 


gé= 0.0000012224 ın 


the 0.0000000484 rad 





q3  0.0000189822 іп ES oM: E uM 
th3 0.0000004444 гад 
qá 0.00010794 іл -3307.3464598 -137531.70582 
(М 0.0000021922 rad 
45 0.0000297964 іп -5206.3502208 -18860,20442) 
(85 0.000029393 rad 
K (BEND HORIZ) FOR 1 SIDE ROCK = 39273000.8265 lbs/in %73.0008265 KIPS/IN 
БЕН ne Mn 
K (BEND HORIZ) ALL SIDE BLOCKS = 123822011.571 lbs/1n 129822 011571 KIPS/IN 
MATRIX CHECK: 
81 5 -1000.0000 
МІ = -177000 .0000 
= 0.0000 
Me = 0.0000 
g3 = -0.0000 
М = 0.0000 
= -0.0000 
= -0.0000 
z 1000 .0000 
= -0.0000 


zes zz ru mw m wo = = = m mo nn nn eg = <= = m a= “mmm AA AA, E کس‎ A ER RÁ e ee ee oe امہ‎ 
mom cm m men WA OR emo Gm V],,:I£IKMOIIKIe&MçIÉEKCI<OIçÉRIl6KM6HÉIWIIÉIÉIIOÉé I IÉÉƏIççIŠŠÉIŠI€IIŠ&H€OI6eIIç a ITMW,IÉZIIIç£€IIIIRÇIK IH%HIII,IIIKKƏIIÇIIIIIIIOÇHET,ÉLIÉE%:É£⁄£,ILIIOI,II€IIŠIŠI€IIIŠIIIIIIIIWIIII,II€IT:OIzIIIÉI€ÉIIIIIIIçQIIII€IÇIII€I€I€IçQ%I€I£.IIIIIIIIIIIIIIII$IƏIKWI€ŠI @IIŠIIIIOIIIIIIŠI IIII€I⁄IKQIçII⁄IIIWSIIA€IIIIIIIISISIIIIÉI@I—IIAIAI9AII@IIAI GRO RR o de de ep те ан сто а 


TOTAL SIDE BLOCK HORIZONTAL STIFFNESS COEFFICIENT CALCULATION: 
USS LEAHY PLASTIC 4 


r دم‎ e e e e e: A О G T s a na qr a a s s s. s. s 


Khs (SIDEBLOCK HORIZONTAL STIFFNESS) = P/ (BENDING DISPL + SHEAR DISPLACEMENT) 
Khs š 039.37 KIPS/IN {PER BLOCK) 


Khs = 3351.10 КІР5/ІМ (ENTIRE SIDE BLOCK SYSTEM) 


тә өш екеш өш өш өш ЭР ею өш еш өш => из == == «ив ssh q s.s. S m... s... n a a a 
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Bern, 
сше кс 
27-Jan-88 ze 2 
“Ул a Эндээ 

HORIZONTAL STIFFNESS MATRIX FOR 4 LAYERS ORIGINAL PER DOCKING DRAWING о ы с ы ди Е 

2 0 
USS LEAHY ELASTIC 
THIS 15 A KEEL SYSTEM FOR USS LEAHY Co-16 WITH 12 FT BUILDUP 
12 FOOT CENTERS 


ELEMENT $ I CONCRETE 











DEPTH TRANSVERSE HEIGHT 
El Bl HI I] LI 
(PSI) (IN) (IN) (IN' 4) (IN) 
4000000 42 % 3096576 48 
1۶۲۲141۰9 ٤٥ ЕПА СЕТТІ 
1344000000 32236000000 1032192000000 5160396000000 
RIGIDITY TOF AR ELEMENT 
elr CONTACT STRAIN SHEAR 
(PSI) AREA (IN/IN) DEFLECTION 
са) (IN) 
2400000 932  0.0000001933 0.000004%03 
ELEMENT $ 2 CONCRETE 
DEPTH TRANSVERSE HEIGHT 
Ee Be He је (2 
(PST) (IN) (IN) (IN’4) (IN 
4000000 42 48 387072 66 


pr GA ND ama sme REO С 


ІРЕМЕЛЕЗ 60104070 4E212/Le СЕСІР/ІР 


mee = —— s — a ee = = == ee Se =m a= ہو‎ 


64625093.914 2132628099.2 | 9383:436363 | (46317612122 


RIGIDITY TOP SHEAR ELEMENT 
б\г CONTACT STRAIN SHEAR 
(PSI) AREA (IN/IN) DEFLECTION 
(IN 2) (IN) 
2400000 2016 


جم em mm‏ —— - 
حم === ============================== = 
ہے e nr нэ эв ав‏ 
کے ےہ جم == ч»‏ ےہ ہے ا 
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ELEMENT € 3. ОЖ 





DEPTH TRANSVERSE HEIGHT 
E3 B3 H3 13 L3 
PSI) (IN) (IN) (IN 4) (IN) 
335700 42 64 917504 30 
۴ء‎ 720 4313/3 e£313/L3 


686 2.0535& +09 4 .1070€+10 2210 


RIGIDITY TOP SHEAR ELEMENT 
Gir CONTACT STRAIN SHEAR 
(PST) AREA (1М/ ІМ) DEF EL ALUN 
(142) (IN) 
23980 0688 0.Х00155139 0.0004554176 


ELEMENT $5 DOUGLAS FIR 


DEPTH TRANSVERSE HEIGHT 
£4 84 H4 14 [5 
(PSI) (IN) (IN) (1N*4) (IN; 
175549 42 26 61516 6 
12Е41414:3 6414/1472 4£414/L4 414/14 





9,999956 408 1. 7998E +09 7,1994£«09 2,52 503 


w mu ep e o == > 


RIGIDITY TOP SHEAR CLEMENT 
Gir CONTACT STRAIN SHEAR TOTAL 
(FSI) AREA (IN/IN) DEFLECT ite SHE мг 
(1872) ( IN) DEFLECTION (IN) 
12539 764.4 0.0001043299 0.0006259797 1,1100-03 
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-am A E nn 
- ہے سک س کے چ ےچ جت چ ت ست‎ m 


SQ) 60*38£661' (. 
Sb 60+ 308662 *1- 
du) 60+ 369665" E 
bb 603866471 
¿41 00+30000*0 
Eb 004300000 
24! 00+30000" 0 
2D 00+30000'0 
TY} 00+30000°0 


Ib. 00430000" 0 


60+ 368661" | - 


804380666 5 


60* 358651" 1- 


80+ 38666 °S- 


00+ 30000°0 


00+ 30000" 0 


00+ 30000" 0 


00+30000" 0 


00+ 30000" 0 


00+30000° 0 


60+ 369665" E 


rÜ y |- 


01+36928" b 


30*353€5' 2- 


01+0 


Jt aste 


00+ 30000" 0 


00+ 30000" 0 


00+30000* 0 


300090 


60+ 363661 * 1 


30+ 3266655'6- 


80+ 36965" 2- 


80+ 163 "L 


60+ 36607 0- 


80% 30532" 1 - 


00+ 30000° 0 


00430000" 0 


00+ 30000" 0 


(7 300007 0 


E зон нь ceo e e 4 c Uo e A ms чш ЧИВ ت‎ Чи Чи чш 8 8 A O s 8 SS OC CO Oe ee ee eee eee oe: 


00+ 30000" 0 


00%30000" 0 


0000 


60*3SE50' 2- 


I1+316bE° 1 


40! За: 16" ( - 


01+38169" b 
607 
00+ 30000" 0 


۲۰۰30000 


š 


00+30000° 0 


00+30000°0 


60836860 2 


80930696 1- 


(08932816 (- 


8072 


60939281 2- 


10436291 9- 


00% 30000" 0 


00*30000' 0 





00+ 30000° 0 


00+ 30000" 0 


00+ 30000" 0 


00+30000°0 


01+38169" b 


60*332€1' 2- 


01091 


-ج "01+3210 


11+30191"5 


01+39522" 2 


۲۱١٢ 5528111 15 


00+ 30000" 0 


00+ 30000" 0 


00+ 30000" 0 


00+ 30000" 0 


6000000 


(0%%29679- 


01438210 6- 


60393081 


01439622: 6- 


6093090671- 


00+ 30000" 0 


00+ 30000" 0 


00+ 30000" 0 


00930000" 0 


00430000" 0 


00% 30000: 0 


301975 


01+39600"E- 


21438260 | 


000.6 


00+30000°0 


00+30000°0 


00+30000* 0 


00+ 30000 ° 0 


00+ 30000° 0 


00*30000' 0 


01«39S22' € 


60+30bb€" l- 


ج0 


60+3001 
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KNOWN. VALUES : $ OF SYSTEM BLOCKS = 





Q1 = -1000 185 
м 20824344) = -150000 IN@LBS 
бо = Ме = 03 = ИЗ = ٠۹ z Qá = WS 0 

06 = 1000 Ibs 
ql = thí= 0 

SOLVED UNKNOWNS : 


06: 0.0000124629 їл 


the 0.0000004883 rad 


43 (0.00015 72266 in سے کے‎ 2 Cote 
(83 0.00000342% rad 
94 0.0002980984 in -29566 .937031 -499717. 35374 
(һа 0.0000054749 rad 
45 0.000337615 in -18%9,.22с Sep Sede T17 
thS 0.0000071417 гад 
К (BEND HORIZ) FOR 1 KEEL BLOCK = 3354597.0517 Ibs/ın 3354.5970517 KIPS/IN 
К (ВОО НОКІ2) А KEEL ROCKS = 0012725. пи 2012 ^. 
MATRIX CHECK: 
j 01 = -1000.0000 
AL = 150000 0060 
бо = 0.0000 
кг = 0.0000 
03 - 0.0000 
МЗ = 0.0000 
Q4 = -0.0000 
M c -0.007. 
05 - 1000 .0000 
МУ = 0.0000 


А (ЕРЕ s m 
AAA um دہ کات کے دہ‎ өле UE e کے‎ diam dem «Же سه کے کے کے سے سد‎ e da جم‎ = mo ee m 


TOTAL KEEL BLOCK HORIZONTAL STIFFNESS COEFFICIENT CALCULATION: 
USS LEAHY C6-16 ELASTIC 


os Se S88 Se See ees Se TSE ےوہ جہ‎ wees See ee ef eee ees fC eer ese ween =т= = т .Á سی‎ 


Khk (SIDEBLOCK HORIZONTAL STIFFNESS) = P/(BENDING DISPL + SHEAR DISPLACEMENT) 
Kk = 690.79 KIPS/IN (PER BLOCK) 


Khk = 41447.53 KIPS/IN (ENTIRE KEEL BLOCK SYSTEM) 
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27-Jan-88 


HORIZONTAL STIFFNESS MATRIX FOR 4 LAYERS ORIGINAL PER DOCKING DRAWING 


USS LEAHY ELASTIC 


THIS IS A SIDE BLOCK SYSTEM FOR USS LEAHY СБ-16 WITH 12.5 FT BUILDUP 
12 FOOT CENTERS 


ELEMENT #1 CONCRETE 











DEPTH TRANSVERSE HEIGHT 
EI 81 HI 11 U 
(PS1) (IN) (IN) (1874) (IN) 
4000000 96 168 37933056 48 
16111701: 3 БЕИ е 4111/1 86111 
16464000000 395136000000 12644352000000 6322176000000 
RIGIDITY TOP SHEAR ELEMENT 
eir CONTACT STRAIN SHEAR 
(PSI) AREA (IN/ IN) DEFLECTION 
(1N'2) (IN 
2400000 16128 0.0000000258 0.0000012401 
ELEMENT 4 2 CONCRETE 
DEPTH TRANSVERSE HEIGHT 
Ee Be He ЈЕ L2 
(PS1) (IN) (IN) (IN 4) (IN) 
4000000 48 100 4000000 66 











12€212/L2"3 X ۶۰ 46.2 80-2 72۶ 
667835378.58 22038557493 969696969697 38 
RIGIDITY TOP SHEAR ELEMENT 
eir CONTACT STRAIN SHEAR 
(PSI) AREA (IN/IN) DEFLECTION 
(IN*2) (1N) 
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= 
dm 


3 


— 


= 


ға ғ-ң 


С БИС 
шт. 
соо 
8+۳۲۶ و‎ я 

Pret تو‎ 


e 8: т: Чэ 
О цагтт 2 


— 


— 














ELEMENT 8 ОЖ 

















DEPTH TRANSVERSE HE 1GHT 
£3 B3 H3 13 L3 
(PSI) (IN) (IN) (1874) (IN) 
335720 50 93 3351487.5 57 
lee 31 3/1 3:3 TEREA 46.3 06 3 
7/07 2.077% +09 70 3.474 : 
RIGIDITY TOF SHEAR ELEMENT 
و‎ CONTACT STRAIN SHEAR 
(PS1) AREA (IN/IN) DEFLECTION 
(IN*2) (IN) 
23380 4650 0.000008968 7 
ELEMENT $4 DOUGLAS FIR 
DEF Tr TRANS. EASE заран 
£4 B4 H4 14 L3 
(PSI) (IN) (IN) (IN^4) (IN) 
175549 28 18 13608 6 
12€414/14"3  6E414/L9"2 4£414/L4 e£414/L4 
1.3271Е+08 3.9814Е+08 1.5926 +09 7.92% +06 
RIGIDITY TOF ne ELEME T 
6Ir CONTACT STRAIN SHEAR TOTAL 
(FSI) AREA (IN/IN) CEFLEC TIC. SHE AS 
(IN e) (IN) DEFLECTION (IN) 
12539 504 0.0001582341 0.0009494048 1.4700€-03 
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GUY 60+ 385265" | 


Cb 80+3bb186'£- 


tu) 30+ 393296" L 
٢ 6,٤ 
EY) 00+30000°0 
ED 004300000 
24} 00+30000* 0 
2b 00+30000° 0 
149 00+ 30000" 0 


[b 00*30000' 0 


80*3bb186'£- 


80435106 1 


80*3bb 186" E- 


80* 3X1L0E" 1- 


00% 30000" 0 


00: 30000 0 


00% 30000: 0 


00+ 30000" 0 


00 + 30000" 0 


00+ 30000" 0 


80+388296" ¿ 


nt 3bbI365'£- 


0 08 


660t VbC3 T- 


01+ 6/٤ 


6 78٤8 


00+ 30000" 0 


00 + 30000" 0 


00+ 30000" 0 


00 + 30000" 0 


80+ 3b 186°E 


50%301/2671- 


60+31629° 1- 


30: 422507 2 


60+ 3610" e- 


L0+32062" L- 


00: 0000" 0 


00۲30000 


00+ 30000" 0 


00» 9900" 0 


00% 30000" 0 


00% 30000" 0 


00 ٤ 


-ق 0360 


01+1801 


01431966" 1- 


11435898 0 


011002 


00+ 30000" 0 


00+ 30000" 0 


00+ 30000" 0 


00+ 30000" 0 


60672 


6 - 


01+31966" - 


80+300! 


01436602 2- 


80+ 37829" 3- 


00+30000" 0 


00+ 30000" 0 


00+ 30000" 0 


00+ 30000" 0 


00+30000" 0 


00+ 30000" 0 


11+368b8" b 


01*36£02" 2- 


13019] 


Ен 


0 709 


1193016676 


X18198 SS3N4411S 


00+30000° 0 


00+ 30000" 0 


00+ 30000" 0 


00+ 30000" 0 


01 7,2 


80+ 39819" 9- 


-ع 11+9016 


01111 


11+3b156"E- 


01+ 39919" 1- 


00*30000'0 


00+ 30000" 0 


00+ 30000" 0 


00+ 30000° 0 


00+30000" 0 


00+ 30000" 0 


2889 


11+3b 156° E- 


£1*3bt92" 1 


6٤ 


00+ 30000" 0 


00+30000* 0 


00+30000° 0 


00+30000" 0 


00+30000" 0 


00+ 30000" 0 


11+30156"E 


01+309b9" 1- 


11+30166"E 


0 71 


E 





KNOWN VALUES: ¢ OF SYSTEM BLOCKS = 14 
01 = -1000 Ibs 


МІ = QUe (LH 2H 39) = -[77000 IMLBS 
62 z W = 03 = F3 = Mà = Q = ÉS 0 

= 1000 lbs 
41: this 0 
SOLVED UNKNOWNS : 


1025 0.0000012224 in 


the 0.0000000484 rad 





43 0.0000189822 іп E cram 
th3 0.0000004444 rad 
44 0.00010784 in -3307.3464598 -137531.70582 
154. 0.0000021922 rad 
45 0.0001511327 in -16184,7430109 -56427.020% 
thS 0.0000097271 rad 
K (BEND HORIZ) FOR i SIDE BLOCK = 9273000.8265 105/10 373.000825 KIFS IN 
K (BEND HORIZ) ALL SIDE 0٤ ۶۰ 104866011, 1 ir 1827 11571ب0,‎ م1۳٣١‎ .* 
MATRIX CHECK: 

Q1 = -1000 .0000 

Al = - 177000 .0000 

8 = 0.0000 

Me = 0.0000 

03 - -0.0000 

МЗ = 0.0000 

04 = 0.0000 

M c 0.0000 

05 = 1000 .0000 

№ = -0.0000 


TOTAL SIDE BLOCK HORIZONTAL STIFFMESS COEFFICIENT CALCULATION: 
USS LEAHY ELASTIC 


— a  — EP UP UD VD S... S... s... x... T РО UD VD GER VD UD GE جج‎ SF P V UE E ӨВ E e m e m o mm m m 


Khs (SIDEBLOCK HORIZONTAL STIFFNESS) = P/(BENDING DISPL + SHEAR DISPLACEMENT) 


Khs z . 6: ۷ (FER FLOCK: 
Khs = 8635.89 KIPS/IN (ENTIRE SIDE BLOCK SYSTEM) 
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VERTICAL STIFFNESS CALCULATIONS FOR DRYDOCK BLOCKS 


HULL TYPE 16 DOCKING PLAN @ = 194787417 REV 1 -<- 


SYSTEM @ USS LEAHY KEEL BLOCKS ORIGINAL PER DOCKING DRAWING > 


BLOCK SPA 12.00 FEET ee 
VERTICAL STIFFNESS: d 
PIER 
LEVEL MATERIAL E LENGTH WIDTH HEIGHT K 1/K TOTAL K 
i (PSI) (IN (IN) (IN (KI ` (KIFS. 1» 
(DEPTH) (TRANSVERSE) 
(B) (H) (L) 
1 D.FUR 12539.19 42.00 26.00 6.00 2282.13 0.0004382 1093.18 
2 OAK 23980.00 42.0) 64.00 30.00 2148.61 0 0004654 
3 CONCRETE 4000000.00 42.00 48.00 66.00 122181 .8 0.0000062 
> CONCRETE 4000000.00 42.00 36.00 48,00 336000 .00 0.0000030 
150,00 
1845.83 16:50 
i TOTAL STIFF 
BLOCKS 60 OF BLOCK SY 
(KIPS sss 
65590 .62 
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USS LEAT 
22 Or کے یں‎ 





VERTICAL STIFFNESS CALCULATIONS СЕСЕ 
ле mS 
HULL TYPE 16 DOCKINS PLAN € = 1948241 FEV 1 | 
= e eT < 
SYSTEM # 1 ELASTIC SIDE BLOCKS ORIGINAL PER DOCKING DRAWING 


Ғы” = و‎ 
(“Аса 5 ку, 
BLOCK SPACING = 12.00 FEET 


VERTICAL STIFFNESS: 


PIER 








LEVEL MATERIAL E LENGTH WIDTH HEIGHT K 1/K TOTAL K 
' (PSI) (IN) (1N) (1N) (K1PS/ IN) (KIPS/IN) 
(DEPTH) (TRANSVERSE) 
(B) (H) (L) 
l D.FIR 12539.19 28.00 18.00 6.00 1053.29 0.0009494 682.70 
2 DAK 23980.00 50.00 33.00 57.00 1956 .26 0.0005112 
3 CONCRETE 4000000.00 — 48.00 100.00 66.00 290909 .09 0.0000034 
4 CONCRETE 4000000.00 9.0 168.00 48.00 1244000.00 0.0000007 
177.00 
177.00 
850.00 ' TOTAL STIFF 
BLOCKS 14 OF BLOCK SY 
(KIFS IN}: 
9557.85 
se Lore + 
аг 
“ 2 ` ⁄ 
VERTICAL STIFFNESS CALCULATIONS у eL. 
ZE s C 
HULL TYPE 16 DOCKING PLAN è = 1948741 REV 1 | 
n = E 5 
SYSTEM 4 1 PLASTIC SIDE BLOCKS ORIGINAL PER DOCKING DRAWING 
BLOCK SPACING = 12.00 FEET лт 
VERTICAL STIFFNESS: 
PIER 
LEVEL UK TOTAL K 
TERIAL E LENGTH WIDTH HEIGHT K 
4 У (PSI) (IN) (1N) (IN) (KIPS/ IN) (KIPS/ IN) 
(DEPTH) (TRANSVERSE) 
(B) (H) (L) 
| à 241. өз. 8 
D.FIR 3173.90 28.00 18.00 6.0 
Dec 23980.00 42.00 БА „00 57.00 1130.85 0 .0008843 
3 CONCRETE 4000000.00 48.0 100.00 65.00 290909 .09 Mena 
4 CONCRETE 4000000.00 96.00 168.00 48.00 1344000 .00 0.000000 
177.00 
177.00 u 
850 00 i 1012. АГ IË? 
۱ OCKS 14 OF BLOCK SY 
ш (KIPS/IN) : 
3243.91 
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Rotational Moment. of Inertia 
Calculation for USS Leahy + . 


ROTATIONAL MOMENT OF INERTIA CALCULATOR ABOUT THE KEEL: 
SHIP NAME: USS LEAHY CG-16 


Ikeel » IXX * T^2*W/g 


Т = аһ]р"з calculative draft = 15.25 FT = 183 IN 
Ikeel - 2537275. KIPS*SEC^2* IN 

IXX - (W/g)*kxX^2 = mass moment of inertia about the roll axis 
IXX = 1449223. KIPS*SEC^2* IN 


W - ship displacement 2600 TONS = 12544 KIPS 


0 = accel. Of gravity 386.09 IN/SEE’2 


kxx = 0.64 * B/2 Radius of gyration about the roll axis 
from Introduction to Naval Architecture Page 272 
for Destroyer type ships 
B = ship’s beam = 55 FT = 660 IN 


KXX = 211.2 IN 
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"SDOFRUB" USS Leahy Input Data File 


***5HIF/SUE DCRYDOCk BLOCH ING SYSTEMsx* DATA FILE: B:LEAHTRUE „пат 
*** INPUT FILE یہ8۵۲‎ 


SHIF NAME: USS LEAHY CG-16 

DISCRIPT¿0N OF ISOLATORS IF USED: NO ISOLATOR ALL EILINEAR 
DLISCRIFTION OF BUILDUF: 18 SFACING COMFOSITE 

DISCRIFTION OF WALE SHORES USED: NO WALE SHORES 

DIISCRIFTION OF LAMFING: S 4 DAMFING 

LOCATION OF DRYDIOCK BEING STUDIED: LONG REACH NAVAL SHIFYARD DD $ 2 
NAVSEA DOCKING DRAWING NUMBER: BUSHIFS 1348741 REV.1 


REFERENCE SFREALISHEET STIFFNESS CALC FILE NAME; LEAH-HEL ..Wh1 LEAH VEL .Whl ETC. 
MISC. COMMENTS: LEAHTRUE.DAT 1315 22 JAN 23 


ww 


SHIF WEIGHT «k IFS) W= 12544 
HEIGHT OF FG СІМ) H= PBa UKH 
MOMENT OF INERTIA  (HFIFS*IN«*SEC 2) Ik= 2937275 
Steer IER VERTICAL STIFFNESS (FH IFS/IN) Fves 3997.94% 
SIDE FIER VERTICAL FLASTIC STIFFNESS (Fk IFS/IN) kvsp= 3243.31 
METER VERTICAL STIFFNESS ¿(k IFS/IN) ГМЕ = E O E 
HEIGHT OF WALE SHORES (IN) AAAS Ü 

WALE SHORE STIFFNESS (HIFS/IN» Мес 0 

ITE TITER. HORTZONTAL STIFFNESS (I IFS/IN) ЕН5- 26.35.293 
HEEL FIER HORIZONTAL STIFFNESS (FIFSZIN) ۲۳۲٢۲ ١بم‎ 41447.53 
SIDE FIER HORIZONTAL FLASTIC STIFFNESS(KIFS/IN) FSHFs 3331.18 
EEL FIER HORIZONTAL FLASTIC STIFFNESS(HIFS/IN) bEHF= 135862.33 
RESTORING FORCE AT © DEFLECT FEEL HORIZ OGLIESJ) UBI 295 7072 
RESTORING FORCE AT © DEFLECT SIDE HORIZ (FIPS) OQbe= 4015.69 
RESTORING FORCE AT © DEFLECT SIDE VERT )۲:1۲( 037 76 
GRAVITATIONAL CONSTANT (IN/SEC 6) GRAV= 358.03 
SIDE BLOCK WIDTH (IN) SBW= 126 

FEEL BLOC WIDTH (INF ` bh EW= 108 

Sie ECOC HEIGHT CIN) SEH= 131 

КЕЕ! BLOCK HEIGHT (IN) FEHS 1*0 
BEDCNSDNOBEOCF. FRICTION COEFFICIENT Ul= .3 

HUEE ON ELOEH FRICTION COEFFICIENT ges = 

SIDE FIER TO SIDE FIER TRANSVERSE DISTANCE (IN) ER= 233 

SIDE FIER CAF FROFORTIONAL LIMIT SERP=377. 

FEEL FIER CAF FROFORTIONAL LIMIT KERLE 
TOTAL SIDE FIER CONTACT AREA (ONE SIDE) (IN 2) SARE R= 705". 
TITAL + EEL FIER CONTACT AREA (IN 2) RAREA= 20950 
FERCENT CRITICAL DAMFING БЕТА- 22 

HOCU NUMBER (XX x) HULL= 1F 
SYSTEM NUMBER (XXX) NSYS= 1 

CAF ANGLE (RAT) BETA= .43% 
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Leary Cap Angle Regression Analysis 
CAP ANGLE ANALYSIS +e PAGE | se ве 14-Маг-88 + 


USS LEAHY C&-16 ANALYSIS 
DURING THE 1 OCT a? WHITTIER EARTHQUAKE 
EXCITED bY THE ORY DOCK & 2 ACCELERATION TIME HISTORY 


CaP ANGLE ANALYSIS: 


TRANSVERSE DISTANCE BETWEEN B ANZ C HETSATS = 16 iN 


тоф ео е Фе ере е Фе е Ф ер аре ее еер ер ео өв wb db Vb UD cm cmo m эв эв cm ےہ‎ cm Wb db c cm =з =» m cm am Wb C we Gh Gp ae өв өв өв c өв өв өв эм mn nn nn nn mn a db чэ» =» =» =» ےہ ےہ‎ m =з «= =» ч” ہہ ےہ دہ ہہ‎ Өр өв ~ = = 


^ B 5 C 3 FAILURE 
i ма ML 232 TOTAL HEIGHT TOTAL MODE 
e и 5) N 123 МЮ) GEISHTHS) (IN) 


--әжте»»- -жежч жж «е «о > өз өз «өз Яв өв өв nme ma Sm Gn UD UD CP өв өв өв өв өв ©® он ав 4b co db Wb эв En nn nn nn =з << <= Эв ээ nn nn nn nn nn m nn m Өв чи» ч» m nm nm m nm na a m ann nn nn m 


A 098 А Š 87 2555 2 4 2 40.25 SBSLIDE 
14 ». 405 з š Р 1 A : 11 e 235.25 SBSLIDE 
1 02325 24,4 i 11 11: : 0 7 39.33 585110 
т 9.38) 221 ; 2 ~ ١5 2 8 4 70.50 385108 
12 0.3 en. : ` | ¿21.00 2 3 " SBSLIDE 
; 2.» 215 2 1 S. 5 2 7 2 3.49 SESLIDE 
; Жо. ue- 7 > ә 45,75 4 4 لس‎ 658 
,6 04 2003 2 5 0 30.99 2 0 3 36.38 SBSLIDE 
2 МА NW 2 U CENE. 25 3 4 4 40,50 SBLIFTOFF 
Е жж. м; i ; ТЩЗ 9 9 8 45.52 SBLIFTOFF 
5 a 20.7 2 3 12552150 2 3 > 33.59 SBLIFTOFF 
b isst i 5 ) 15.20 t 19 4 22.50 SBLIFTOFF 
Y A Цэн : ALSO : 8 $ 20.75 SBLIFTOFF 
бе к... o l : | СУ Ї 3 è 20.25 SBLIFTOFF 
11 0223: 1 i 7 J 15,20 2 0 2 28,00 SBLIFTOFF 

ш FAILED REE WEAIZURED 

aec: 5.10 (2475 LLC ۷۲ف‎ 

853 225 ¿A 

2. им 35.45 LIA Segression Cutout: 

22201 ٭) 1.50 1% :0 2003 

E e c6 320 zr f EST 1.55913 

4.4 oe 1 © دروڑ‎ ~ 022753 

core? 1221 1225 ЛЕЛ. 6٤ 12 ds T [tits 

ши 19,57 101,55 9.55: Өедгөөз эг Freocca 1) 

5 1805 2 ا 

9.1; ur 12221 (.5 5 teoerticientesr "70.0542; 

7 ub (522 S^d Ero 2* ۹٣ 

Br Mose 155.55 

ша 22:21:51 8.2 

(5.24 ӘЗ 25 
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"3DOFRUB" USS Leahy Output File 


ээ» System EEIII 


** Hull 15 *.. 


* Ship Farameters x 
Weight Moment of Inertia O. 
15232.0 ۴165 ЗО220135.0 kips-in-sece 120.0 ins 
* Drydock Farameters «x 


Side klock Height Side Bloct Width keel Block Height keel klock Width 
ШЕТІ пе lee. ins 120.0 ins 108.0 ins 


Side-to-Side Fier [tistance Wale Shore Ht. Wale Shore Stiffness Cap Angle 





235.0 ins „О0О ins ¿O kips/in .4e6 rad 
1Side Side Filer Contact Area Total teel Fier Contact Area 6۲ 
EUSE.O0 ine £O4GSO.0 102 1326.2 ,3 ٢(6 7607 
EYEZFr@ctıon Coeft H/E Friction Coeff kshp kvsp 
200 e SE СЕБТО ЕЕЕ Е 5045.20 Ере/іп 
Side Fier Fail Stress Limit keel Fier Fail Stress Limit 001 
.700 Hips/ine ¿930 kips/ine e23370.7 kips 
Side Fier Vertical Stiffness Side Fier Horizontal Stiffness оре 
2857.32 | 1р5/1п 3835.23 k1ps/in 4015.7 К105 
heel Fier Vertical Stiffness Heel Fier Horizontal Stiffitre ~ QU 
5590.35 К1р56/10 41447.5 Fips/in 2037.5 Кіре 


* System Farameters and Inputs * 
Eartnquake Used ıs 1 OCT 37 WHITTIER CA 
Horizontal accelerati3n input is LENSY 008 TRANSVERSE COMPONENT 


Vertical acceleration input 1s LENSY [De VERTICAL COMPONENT 
carthquare Acceleration Time History. 


vertıcal/Horızontal Ground Acceleration Ratio Cata Time Increment 
Peano... 4210 sec 
GGravitational Constant ^ System Lamping 
ZEEE. in/sece “ОО 4 


Mass Matri-:. 


22.4913 ONO 7101.244 
¿GOGO 33.4515 OOOO 
7101 ,4434 ۲000ء‎ 30382013 .0000 


Camping Matr 1:: 


1521 .3605 „Оооо 2402. 2232: 
¿0000 132.0067 J,QOOQO 
7302 4.5 ¿COCO 342€ 3203 .3435 
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Stitfness Matri« 


SE713.5100 
¿OOOO 


SS5405 .1 000 


)۱010ء 
РА moe - - +‏ 
3200¿ 39708 


OOO 


Undamped Natural Frequencies Mode #1 


11.266 rad/sec 50.533 


Damped Natural Frequencies Mode #1 


11.251 rad/sec 


For Earthquake Acceleration of 100.00 % of 
Maximums/Failures X (ims) Y (ins) 
Maximum X -.912125 
Ма imum У – .005077 
Ma«imum Rotation 
Side ciocie sliding 2011788 .OOO0330 
For Eartnauale Acceleration of 30.00 % of 
Ma-imums/Failures ¥ (ims) Y (ims) 


ee‏ کے = | س — سے کے سے سے سے سے سے سے کے سے کے سے سے 


=o Loe > 


Ма<ітит X 
Ma-«imum Y 
Ma:imum Rotation 


- 0047570 


No failures occurred. 


For Earthquare Acceleration of 33,00 % of 


21115) Y 6130s) 


Ma-ımums/rFraılures X 


سے — — = = سس ہے ہہ سے سب ہے سے ہے سے سے سے سے کے «ж» аже «жә өн» оло‏ کے ано‏ 


Ma imum X -.013007 
Ma imum Y 
Maximum Rotation 


sede block slidino 


- , (7 


011650 .QOO33231 


For Eartnquate Acceleration of 12,00 ОТ 
Ma-ımums/Faılures X ORS} Y (105) 
Ma imum X - ,01237r. 
Ma imum Y = 004976, 
Mase imum Rotation 


Smee wisck- sliding азе .000371 
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= 
3S 


Sanar. 
(0000 
30545239 .8468 


LAO 


Mode #2 Mode #3 
rad/sec 46,357 rad/sec 

Mode #2 Mode #3 
50.463 rad/sec 46.275 rad/sec 


the 1 OCT 87 WHITTIER CA 


Theta (rads) Time (sec) 
1=. 222) 
E.l 
OUDIT 53 1 
6ء‎ a Oy 


the 1 OCT 27 WHITIIER CA 


Theta (rads) Time (sec) 
13.77 
Е,.1Е. 
000359 1 el 


the I DCT S7 WHITTIER CA 


Theta (rads) Time (sec) 


اعم 
i cp m QJ‏ 
...4 
لہ 


T‏ س ل 


. 
— 

. 
= 


Theta (rade? Time- Si 1 
12.77 
£..lt 
 QOO'3QE. 3.11 
.,QOOSZ3 3.07 








For Earthquake Acceleration of 37.00 % of the 1 ОСТ S7 ӨН ЕК CH 


Maximum X ~.012744 135 7 
Maximum Y - ¿009 532% E. 1e 
Maximum Rotation ¿000917 © ا اام‎ 
Side block sliding S o db DP 0 .QOO3€1 000550 3.07 


For Earthquake Acceleration of 34.00 % of the 1 OCT 27 WHITTIER CA 


Maximums/Failures ААГ 01-61 Y (ims) Theta (rads) Time (sec) 
Mawımum X =. 0126153 T 
Maximum Y -.004274 & 16 
Ma-imum Rotation 2200807 2111 

Side block sliding 17 «001823 -QOO8SE as 

For Earthquake Acceieratıon от $32.00 Y of the 1 ОСТ 87 WHITTIER CA 

Ma«ximums/Failures X (ins) vou vns) Theta (rads) Time (sec) 
Ma imum X -. 012481 121222 
Ma«imum Y - 009324 &.16 
Ma imum Rotation OOOSIS SET 

owe Diock sliding КОНЕ ЕТ? ¿001504 «00024 7 E EIE 


For Eartnouake Acceleration of 34.00 % of the 1 OCT S? WHITTIER CA 


Maximums/Failures X (ıns) Y (1ns) Theta (rade) Time Cer) 
Ma-imum 4 -.01cs^0 18522212 

Ma imum Y – .008772 э.Їё 

Ma’ imum Rotation 008029 3,11 
Side block sliding ШЕЕ? ODD SS OOO IS IUS 


For Earthquake Acceleration of 33.00 % of the 1 OCT S? WHITTIER CA 


Mavımums/Faılures CITAS) Y (ins) Theta (rads) Time (sec) 
Ма imum X =.012213 12252777 

Ma imum Y - ,004722 &.1€ 

Ma imum Rotation QO0S75 3.11 
Saee@ebloc) sliding at] . OE T00) 00055 БО 
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For Earthquake Acceleration of 32.00 Y of 


Max<imums/Fai lures X (ins) Сусе 
Maximum X = 019097 

Maximum Y -.0082571 
Ma imum Rotation е. | Е 
Side block sliding Oeste 002472 


For Earthquake Acceleration of 31.00 % of 


Ma:ımums/Faılures Х (1415) Y (ins) 
Ma-ımum X =. 01135“. 
Maximum Y -.O0048c,.':! 
Ma:.imum Rotation 
NO failures occurred. 
~ 
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the 1 OCT 57 WHITTIER CA 


70 0002 . 
0045ء 


the 1 OCT 57 WHITTIER CA 


Theta (rads) 


.QO0Sggo 


Time 


(sec) 
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Whittier 
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California Division of Mines and 
Geology Report on 1 October 1987 
Whittier Earthquake . . . . . , 


і . - 
> | سے‎ 22 


: d i^ j 
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E adhd 18 مل‎ ‚a 72740. > in 
рам "to c Галт! (A — 1H Toe AGENCY Š 


OF PatImenT Of CONSERVATION 


DIVISION OF MINES AND GEOLOGY 
OFFICE OF STRONG MOTION STUDIES 

630 BERCUT ORIVE 

SACRAMENTO CA 95814 

(PHONE 916-322 3105) 


- 









То : Strong Motion Data Users 


From : Tony Shakal and Staff тој ЫШ 
California Strong Motion I . е Program (CSMIP) 
Division of Mines and Geology/Department of Conservation 


Subject: CSMIP Records from Whittier Earthquake of October 1, 1987 


Accelerograme of particular interest recorded at CSMIP stations during the October 1 earth- 
quake near Whittier, 15 km east of downtow Los Angeles, are attached. Over 35 records have 
been recovered at this time; record recovery from outlying stations is still underway. We 
estimate that over 100 CGMIP stations have recorded the earthquake. 


The map in Figure 1 shows the locations of the stations for which records are included here 
and described below. The map also shows the locations of some of the other CSMIP stations 
from which records are being recovered. Table 1 lists preliminary station epicentral 
distances and, when available, peak acceleration values. 


Ground-Reeponse Stations: 

o Alhambra - Closest CSMIP station to the epicenter (7 km); instrument in a 1-story school. 

o Obregon Park - Largest CSMIP ground acceleration, 45% g horizontal, was recorded at this 
station approximately 10 km from the epicenter. The instrument is in a small building. 

o San Marino - Closest station to northwest, relatively low amplitude (20% g). 

o Downey, Inglewood, 116th St. School - These records from close-in freefield stations to th. 
west of the epicenter are also included for reference. 


Structures: 
o Admin. Bldg. - Cal State Univ LA. Nine-story reinforced concrete building about 10 km frc 


the epicenter with a "soft first-story” design very similar to the Imperial County Service 
Building in El Centro. Maximum acceleration of about 40% g at the base, and 50% g at the 
roof. For comparison, the 1979 Imperial Coumty Services Building record had a peak value 
of about 35% g at the base, and 60% g at the roof. The CSULA record is ehorter in 
duration, and has less long period energy than the 1979 record. This CSULA building is 
near the parking structure where the news reported a fatality from a falling concrete selat 

o Loe Angeles - Sears Warehouse. Large 5-story reinforced-concrete frame building about 14 
km from the epicenter. Peak acceleration was 18% g at the base and 24% g at the roof. 

o Burbank - Records from two buildings in the Burbank area, 25 km northwest of the epicente: 
are included. A 6-6tory steel frame building had a base acceleration of about 25% g, and 
roof acceleration of 30% g. A nearby 10-story reinforced concrete building had a roof 


acceleration of 55%. 


Although definitive patterns await further data, it appears that San Marino, south of 
Pasadena, had relatively low shaking (20% g) though only 10 km from the epicenter. Many m 
distant stations have greater amplitudes. Pomona, 30 km east of the epicenter, had only 5% 
ground acceleration (record not shown here), much lower than stations at a similar distance 
to the West. A low acceleration record (5% g) was recorded at the base-isolated County 
building in Rancho Cucamonga. Some of the buildings from which records were recovered 
&'ffered damage during the earthquake; damage information is incomplete at this time. 


A standard data report on all CSMIP records will be completed in several weeks. To allow 


rapid distribution of these records, copies are being sent to only a subset of our normal 
mailing list. You may wish to make more copies to distribute to your colleagues. 
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TABLE 1 


С4117СК:14 3180»С-201108 18518100: У117106 ?ВССМЫН (С3МІ?) 
DATA RECOVERED FRCH RECENT 1181М001115 
(Pile laet upsated: } October 1987, 12:00 PDT) 


۲٤ ھ٢١‎ la Vhittier oree, eset of Los боде] оа 
1 October 1987, "07:12 PDT 79.9 m (0%) 
Epiceeier (Preliainery): 38.060, 118.089 (CIT) 


Sietioa Epicestrai 
ёс. Hase Вос VW long Olot(km) 499 Maz. Sccoloration 

20061 Alnasore - Fremont School 34.070 118.180 Т (281) 0.30g Soria., 0.20 Vor. 

24001 Saa Marino - SV асебеву 34,115 118.130 ٤ (321) 0.20g ۸, Y 

25066 1.4. = CSUA Admin. Building 34.067 118.168 9 (211) Orovad: 0.395 8, 01% Y 
Structure: 0.88g R, 0.53g Y 

28200 L.&. = Obregon Pere 38.037 118.178 10 (256) 0.45 E, 0.155 Y 

245122 11104688 - Latos Canyon Per 384.177 118.096 13 (352) 

243613 1.4. = Seoro Varg anoo 34.020 118.223 14 (256) Crowe: 0.1% 5, 0.095 Y 
Structure: 0.24 Y 

18368 Downey 33.928 110.167 17 (210) 0.20 5, 0.17g Y 

29399 ^t. Wilson 34.224 118.057 19 (5) 

14403 L.4. - 116th $t. School 33.929 118.260 22 (230) 0.*0g 8, 0.11g Y 

23210 Cogswell Das 35.285 117.964 23 (26) 


28236 L.4. - Rollywood Storege Biag. 38.090 118.338 25 (218) Ground: 0.128 8, Y 
Structure: 0.228 8 


2530) 1.4 -Aollywood Због Bldg. FPP 34.090 118.339 25 (218) 0.215 €, 0.08% 4 


23328 Pusdir.gstone Das 38.091 117.808 25 (41) Ground: 0.07g A, 1٦٤ 
Structure: 0.188 M, 0.096 Y 
10196 1061 еуос4-08100 011 33 905 118.279 25 (228) 0.28 6, 0.084 Y 
28370 Burbank = Calif. Fed. Savicge 34.185 118.308 26 (303) Ground: 0.224 N, 0.1% Y 
Siruetwe: 0.308 8 a 
28385 Вогђеск - Pecific Manor 35.187 116.311 26 (303) Crowd: 0.264 8, 0.064 Y 
Structure: 0.5% 8 
291658 { 4. - Forth Bollywood 38.138 118.359 20 (289) Crowd: 0.115 A, 0.08g Y 
Sneretoo Motel Structure: 0. 16g 8 
25511 Pomone - Piret Ped. Sevinge 38.056 117.786 30 (90) Crousd: 0.05g 8, 0.0%, Y 
Structure 0.16 8 
25525 Ровоба = èth û Locvet РР 34.056 117.788 30 (90) Croubé: 0.07g В, 0.06; 7 
1431! Long Beecb - State Univ. 33.783 118.112 31 (186) Triggered 
engineering 810g. 
18281 Long Beech = BRecreetioo Perk 33.778 118.133 32 (190) Triggered 
28231 L 4.-00.4 Peth.-Scieoce Bldg. 38.069 118.882 3% (212) Triggered 
18533 Long Beech - City Hall 33.768 118.195 3% (199) Triggered 
18323 Long Beech-Aerbor Adain. Blog. 33.755 118.200 36 (199) Triggered 
18395 Long Beecb-Kerbor Adio. FF | 33.758 118.200 36 (199) Triggered 
24322 Shermac Care-Onioo Bank Eidg. 38.158 118.865 38 { 287) Triggered 
14406 L 4. - Fioceet Thomae Bridge 33.750 118.771 39 { 208) 
214037 301010 = San Fernando 3.236 118.835 39 (301) 0.094 Я, 0.096 Y 
13122 Footneriy Pert 33.869 117.709 50 (122) 
25 386 Ten Buye - Molidey Ina 34 221 118.011 at (296) Triggered 
21207? Pecolaa Das 38.338 118.396 aj (316) 
29436 Terzssna-Cedar hiii Mureery 2 30.160 118.531 aa (285) Tr:ggered 
20518 SyleerOlive View Med. Cntr. 30.326 118.444 45 (311) 
23491 "eocho Cucemorgs - Lev & Juet. 38.108 117.578 a7 (83) Ground: 0.034 8 
Caeter Structure: 0,06g M 


® azimuth frome serthquaxe epicerter to etetion, Cv froe B, 0-360 ceg. 
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14 


Los Angeles - Sears Warehouse 
(CSMIP Station No. 24463) 


INSTRUMENTATION LAYOUT 





` e 
© 
% 4 
40 
= 3 
2 
e 
ra ! وب‎ 
a Ductile Reinforced Concrete 
~ D Perimeter Frame Designed in 
. Accordance with the 1970 Los 
W/E Elevation Angeles Building Code 
Designed in 1970 
Roof Level 
3rd Floor | 260-6" 





2nd Floor Basement 
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APPENDIX 5 


"SDOFRUB" Isolator 
Input Data File 
"SDOFRUB" Isolator 
Output File 
"SDOFRUB" Isolator 
Input Data File 
"SDOFRUB" Isolator 
Output File 


(EL Centro) 


(EL Centro) 


(NORM DD2) 


(NORM DD2) 


Isolator Equivalent Modulus 
Stiffness Spreadsheets 
Required Isolator Characteristics 


Spreadsheet 
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| "JDOFRUB" Isolator (EL Centro) 
۱ e lnpüti Data Elle ...حا‎ 


12: SHIF/SUE DRYDOCE BLOCKING SYSTEM*** DATA FILE: E:5231G000.DAT 


*** INFUT FILE DATAes« 


ro. 7 - 


4 м 


r 
v p - 


"ny f 
SHIF NAME: LAFAYETTE SSEN «14 

SISCRIFTION OF 1SOLATORS IF USED: é" RUBBER CAF W/ ISOLATORS 
DISCRIFTION OF EUILDUF: € SFACING COMFOSITE 

TISCRIFTION OF WALE SHORES USED: NG WALE SHORES 

DISCRIFTION OF DAMFING: S% DAMF ING 

-OCATION OF DFypoct. BEING STUDIED: NO SFECIFIC LOCATION 

NAVSEA DOCKING DRAWING МОМБЕК: G45- (cnet 

REFERENCE SFREADSHEET STIFFNESS CALC FILE NAME: S1StVE1.Wh1 ЕТС. 
MISC. COMMENTS: SZ31RISO.DAT 1245 15 FEB SS 


=RESS ANY KEY TO CONTINUE... 


шаг БАШТА (IES) W= 163263.3 
“ЕЧЕН OF MG” (IN) H= 195 
MOMENT OF INERTIA (^ IFS* INF*SEC 2) Ik= 2410451 
SBMECFIER VERTICAL STIFFNESS tH IFS/IN) Kvs= 1203.23 
SEE TER ZVERTIEAL FLASTIC STIFFNESS (KIFS/IDZ Evsp= 4095.1 
BEELZETER VERTICAL STIFFNESS (Ch IFS/IN) РуУк= 2062.02 
ESL OEISESVERTICALE PLASTIC STIFFNESS (t.IFS/IN) EFS 22101.31 
ЗЕТӘНТ OF WALE SHORES (IN) ARA= 0 

0 ۶۰ئ٢ ем STIFFNESS (Te S/ IN)‏ اھ 
STIFFNESS (LIFSZIN) БЕБЕ "=s‏ ۰۱06۲700075 ئ2 

ЕС Hen SONTAL STIFFNESS (t IFS/IN) ННЕ= 271.31 
Ро T Oi SL FLAS: IC STIFFNESS¢CLIFS/IN) KSAF= 11.12 
BEER TIEROHORTISOUNTAL FLASTIC STIFFNESS(QLIFS/IN) ЕКНЕт- 42.02 


SIU ING FORCE AT о DEFLECT FEEL HORI (RIFS) 0015 155,08 
НИЦА FORCE АТ © BEFLEZCT SIDE HORTZ CHIEFS? Ofie= 16.4 


SS TOURING FURCE AT O DEFLECT SIDE VERT Ер бе==1 7 75 225 
ceu FORCE AT O DEFLECT + GEL VERT (IPS) Ongz-um77.0$2 
SRAVITRATIONAL CONSTANT (IN/SEC’E) бкАУ- 256.03 


-KESS ANY FEY TO CONTINUE... 


SIDE ٤ں‎ WILT · 114; SEW= 73 
"EU сен оротн (IN) HFEW- uuu 
ЕТПЕ ЕСУ SNzIGHT (IN) SHH= 75 
PEEL BLOGM HEIGHT (IN) ЕВНЕ 61 
ELOC! ON BLOC! FRICTION COEFFICIENT Wis > 
"HULL ON BLOCR FRICTION COEFFICIENT Џе= .75 
ЕТПЕ ШЕР ТО SIDE FIER TEGNSVEFSE DISTANCE (IN) BR= 144 
СІГЕ FIER САР EROFORTIONAL LIMIT SCFLS .7 
22:25 FROFURTIONAL LIMIT | СЕ_= .7 
ПЕТ ЕТПЕ FIEF CONTACT AREA (ONE SIDE) (IN O) SAREA= 6252 
TOTAL HEEL FIER CONTACT AREA (IN 2) HAREA= 55440 
FERGENT CRITICAL DANFING ТЕТА= 8 
HULL NUMBER (XXXX) HULL= 616 
SYSTEM NUMBER (YY) NSYS= 231 
САР ANGLE (FAD) ВЕТА= 577 


Pesos any WEY TO CONTINUE... 
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"SDOFRUB" Isolator (EL Centro) 
Output File e e ® e Ф ° v. e e 


e* Hull 21£ ** 


* Ship Farameters * 
ant Moment of Inertia Ios. 
К „ШКЕ = c410451.0 kips-in-sece 133.0 1NS 
+ Ūrydock Farameters + 


Side Eloc! Height Sige Etact Width keel Elock Height keel Eloct Width 


7.0 Ins 339.0 ans &1.0 ins 333.0 ıns 
Side-to-Sıde Fıer [ıstance Wale Shore Ht. Wale Shore Stiffness Cap Anale 
144.0 ins ¿O ins ‚О Ккіре/гіп 5277 rad 
1Side Sige Fier Contact Area Total teel Fier Contact Area kkhp 
322.0 ıne 295440.0 in2 92.0 kips/in 
Е Ене јоп СОЕҒТ H/E Friction Coeff kshp куер 
*.000 . 250 11.1 kips/1in 4033.1 kips/in 
Side Fier Fail Stress Limit keel Fier Fail Stress Limit kvkp 
7000ء‎ F10s/1ne ‚ООо bips/ine 22101.3 kips/in 
Side Fier Vertical Stiffness Side Fier Horizontal Stiffness 
1202.20 іігб/іп تہ‎ 0 КББА 
teel Frer Vertical Stiffness teel Fier Horizontal Stiffness 
2082.1 Jıps/ın 271.3 kıps/in 
001 One ora ога 
19.1 Hios e E -1775,5 H105 -39S/ 77.0 kips 


* System Farameters and Inputs * 
EFartnquate Used is 17430 EL CENTRO 
Horizontal acceleration input is HORIZONTAL 


Vertical acceleration input 16 
Farthquake Acceleration Time History. 


VYVerticel/Horiztortal Ground Acceleration Ratio Data Time Increment 
1,000 .O10 sec 
vravıtatıonal Constant ^ Svstem [tamping 
256.03 іп/сесс C.O A 
Mass Matri 
42.5732 . ООСО 0123.0420 
„ооо 42.3232 .OCOQ 
5.25 00820 · 0000 2410451. 0009 
Camping Ласкі 
17.232 . ООСО 12-22 7 
0000 10:07,٥٣ .ОООС 
CSO Pe 77 EEE Пре SEIYA 
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cuc Loe) 
чоо 


1540. 0000 


Uncampedc Netural Frequencies 


L[ampeo Natural Frequencies 


Stiffness Matris 


OOOO 
]oe-e2.95400 


e ODO 


- ^. e 


Moce #1 


1240 .0000 
„оо 


A Se 


Mode te Mode #3 


1.724 rad/ssc 2.584 rad/sec 19.5653 rad/sec 


Mode #1 


Mode #2 Mode #3 


1.775 rad/sec Ч“, 495 rad/sec 15.812 rad/sec 


For Eartnauele Acceleration of 100.00 ^ of 


Macscimums/F ai lures 
Maximum X 

Maximum Y 

Mazcimum Rotation 
Sige block crusning 


X% (ins) Y (ins) 
5.0 5959 


For Eartnouate Acceleration of 30.00 и ої 


Ma imums/Failures 
Ma. imum X 

Maximum Y 

Maximum Rotation 
Side block وہ پت‎ 
SBE [Sck Crushing 


For Earthagquake Acceleration of 20.00 ^ of 


Ma: imums/Failures 
Ma: imum X 

Ma-imum Y 

мачи мот Коа? : оп 
Sige block lırtoff 
ӘШСЕ Stock crushing 


For Earthouate Acce 


te‏ سے GU‏ جسےم جسن سن «жж» «Жы» «Жы» жы‏ سے سے کے ا 


Ма: IMUM xX 
Maximum Y 
маз мит Rotation 


No farlures occurred. 


eration of 702-0027. 07 


Y (ins Y (ins) 
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the 1340 EL CENTRO 


Theta (rads) Time (sec) 


Sr 

ES 

-.О09067 &.97 
.008030 =: „ЭР, 


the 1340 EL CENTRO 


Theta (rads) Time (sec) 


E 
-.01e7"78 7.3 
- 012452 72 
– .010244 eec 


the 1340 EL CENTRO 


Theta (rads) Time (sec) 


ENE 
5.60 
17ر و .ھو۔ہ‎ Е-Е 
-.011765 To 
-.010579 7.24 


the Lace EE CENTRO 


Theta (rads) Time (sec) 


— — - eee ee ee ә но ӘР سے .ہت سے جس سے جب‎ - .--- нээ. 


2 


O 


т 


Sica 7. 


4 «n 
OJ T: 








For Eartnauste Acceleration ot 79.00 % Of the 1340 EL' CENTRO 


Ma imums/Failures x (ins) yo Gans) Theta (rads) Time ısec) 
Ma imum X -5,66645 E cir. 
Ma. imum r - . 5 4 5 = eu 
Ma.imum Rotat1on -.911554 оге 
sudeebDrocit 11110414 -1.06ёР652 ‚1523909 cU ج111‎ 7.32 
ge Dich ecrushins -1 3224355 -,1032553 ED a 7.24 


For Earthouate Acceleration of 78.00 % of the 1340 EL CENTRO 


Ma .1mums/Failures X (ins) Y (ins) Theta (rads) Time (sec) 
Ma imum x -5.614743 Е. 5ء‎ 
Maximum Y - 346551 5.60 
Ma: imum Rotetion =— 0) 17 76 7.38 

СП Ше bloct 11410144 -1.036571 152154 -.011776 7.3€ 


For Earthquake Acceleration of 77.00 % of the 1340 EL CENTRO 


Maxımums/Faılures Y (ins) Y (ins) Theta (rads) Time (sec) 
Май: тит X -с.едссое Ете: 
May mum Y -.244477 5.80 
Maw:mum Rotation = 011750 2221 
Side block 1:410 = EOS 1950506 -.011749 7.32 


For Earthauial e Acceleration of 76.00 4 of the 1240 EL CENTRO 


Ма imums/Failures X (ims) 12011155) Theta (rads) Time (sec) 
Maximum X -5.,454500 E. 5 

Mam imum Y - s40003 5.60 

Ma: imum Rotation -,011522 7.21 

cemoe elel liftoff -, 323225 з Л Л ЕЙ -,011977 7.33 


For Earthauake Aczeleratıon of 279.00 % of the 1240 EL CENTRO 


Ма ımums/Ferlures Á (ins) Y (1ng) Theta (rads) Time (sec) 
Ман тит Х -5 4159202 Е,. 35 

Ma- imum Y -. 23595930 e eO 

Ма imum Rotation -.011727% 7.2] 
SIE DIDE 07 со- + - 90-7985 1169723 -,01133 Vacs 


For Zartnquele Acceleration of 74.00 4 of the 1740 EL CENTRO 


M I у теста /< а ћ»љ'- ве Y (í Y men v ) ےم و۹‎ Thota (= sm< Tima (cart 
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Ma imum X 
Ma imum Y 
ма imum Rotation 
Side 5lezh l1*to++ 


For Earthquare Acceler 


Ma. 1mums/Fallures 
Maximum X 

Ma imum Y 

Maximum Rotation 
Sree bloc slidino 
Sige bloch overturning 


- ہے ~ ہے‎ 
cce) 
۔‎ OEE 
= = Је ҙі 008 - - - 1e 


ТЕЛЕН e 
ws eros 


For Earthquake Acceleration ort 


Mavimums/Failures 
Ma: ımum X 
Ma: ımum Y 
Ma imum Rotation 


NO taitures occurrec. 


735.0 % OF 


“2.00 М оғ 
У (115) 


бо - 22105 
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the 1340 EL CENTRO 


SE 
= 0105 
2-2 0پ‎ 


T: 


го И 
vr. 1 


the 1540 El. CENTRO 


Theta (rads) 


=,01 1023 


Tıme (sec) 


e fh 


_ 
~ 


Qn C0 سم‎ ° 


JN] Y Y< 7 
(у ÛU} [n mg 


> 


Time (sec) 


E . зэ 
2-2 
71 





"SDOFRUB" Isolator (NORM DD2) 
Input Data File cs- s = s s 


#**#SHIF/SUR DRYDOCh BLOCH ING SYSTEM*#* DATA FILE: B:S8%30[11. DAT 


ажа МРОТ FILE DATAssa 


БЕТЕ NAME: LAFAYETTE SSEN 616 | 
L[ISCRIFTION OF ISOLATORS IF USED: Е" RUBBER CAF W/ ISOLATORS 
EISERIFTION OF BUILDUF: S SFACING COMFOSITE 

DLISCRIFTION OF WALE SHORES USED: NO WALE SHORES 

DUISCRIFTION QF L'AMFING: 2: ۵۴ 6۴ 

LOCATION OF DRYDOCH BEING STUDIED: ]:٤٤٤ ۷ 

NAVSEA LIOCH ING DRAWING NUMBER: €45-2006640 

REFERENCE SPREADSHEET STIFFNESS CALC FILE NAME: S1SKVE1.Wh1 ETC. 
MISC. COMMENTS: SOSSDE11. [AT 1244 17 ҒЕВ 55 


PRESS ANY KEY TO CONTINUE... 


SMF WEIGHT (FIFS) W= 163669.3 
Hele) OMG (IN) H= 195 
MOMENT OF INERTIA  (KIFS*IN*SEC^2) Ik= 2410931 
eames PleR VERTICAL STIFFNESS (+ IFS/IN) Kve- 1302.03 
SIBE FIER VERTICAL FLASTIC STIFFNESS (FIFS/IN) Kvsp= 4093.1 
MESLTEFTER VERTICAL STIFFNESS (} IFS/IN) EVE = 8062.05 
PEEL FIER VERTICAL FLASTIC STIFFNESS(HIFS/IN) EVKF= 22101 .31 
Memo! OF WALE SHORES (iN) AAA= © 

КЕРЕ SHORE STIFFNESS (HIFS/IN) Кеш О 

БИШЕ TIE HORM SONTIAL STIFFNESS (БІРС5/ІМ) HHS= 44 

EL FIER HORIZONTALS STIFFNESS tFIFS/IN Pr = 17ع‎ SS 
Stee lex dom @ONTAL FLASTIC STIFFNESS (F1FS/IN) KSHF= 58.599239 
EEEENMEPERGHORTSONTAL FLASTIC STIFFNESSCKIFS/IN) KEHF= 55.62 


PES TORING FORCE AT O DEFLECT HEEL HORIE (KIFS) QLD15 103.06 
BRESDDETINGO FORCE AT O BEFLECT SIDE HORIZ (EIFS) CGEE= 14.72 


BESSEDRING FORCE AT O DEFLECT SIDE VERT t TES ПИ5--1772.52 
nS STOS ING FORCE AT © DEFLECT WEEL VERT (IFS) QL4=-3577.03 
GRAVITATIONAL CONSTANT (IN/SEC 2) GRAV= 358.03 


FRESS ANY FEY TO CONTINUE... 


SIDE BLOC WIDTH (IN) SEW= 33 
t EEL BLOCH WIDTH (CIN) Ie 

SINE BLOCh HEIGHT (IN) SEH= 75 
HEEL BLOCt HEIGHT (IN) HEHs £1 
ELOC+ ON BLOCH. FRICTION COEFFICIENT 01 3 
HULL ON ELOCH FRICTION COEFFICIENT Џе= .7% 
SIDE FIER TO SIDE FIER TRANSVERSE DISTANCE (IN) ER= 144 
SLIDE FIER СВЕ FROFGOF"IONAL LIMIT Scb ٦ 
PEEL FIER C4" FFOFOF 'IONAL LIMIT .CFL= .7 
TOTAL SIDE FIFE? CONTACT AREA (ONE SITE) (IN 2) SAREA= 55352 
TOTAL FEEL FIER CONTACT AREA (IN 2) HFAREA= 55440 
FERCENT CRITICAL CAME ING ات‎ си: 
HULL NUMBER (XXX) HULL= 216 
SYSTEM NUMBER (XXX) ۲۷۲۷ ٢٢٠<. 10 
CAP ANGLE (RAD) БЕТА- .577 


FRESS ANY HEY TO CONTINUE... 
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"3DOFRUB" Isolator (NORM DD2) 
Output File К КЕ. а 


. . 4 
** Hull £16 ** 
* Ship Farameters ж 
Weight Moment of Inertia Haba 
168.3 tips e410451.0 k1ips-1nm-sec2 ي۹ ا‎ 


* [irydock Farameters x 


Sige Eloci Height Side Block Width heel Elock Height keel Bloch bouit, 
ҮЭ ӨГ” Үе ОЛЕГА 61.0 Ins 33.0 Ins 


Side-to-Side Fier Distance Wale Shore Ht. Wale Shore Stiffness Cap Angle 


144.1) 1115 .O ins -O kıps/ın .377 rad 
1Sıde Sıde Fıer Contac: Area Total keel Fier Contact Area kkhp 
come.) Ine 490.0 ina 53.6 6 6 
EZE Friction Coeft HJE топ Есетті kshp kvsp 
3.000 730 $.9 kips/in 4095.1 kips/in 
Side Fier Fail Stress Limit Keel Fier Fail Stress Limit kvkp 
.700 ٢16 2 5700 Shapes 71 ne 227+“ persim 
Side Fier Vertical Stiffness Side Fier Horizontal Stiffness 
1202.8 Lips/in 44.0 kips/in 
heel Fier Vertical Stiffness Heel Fier Horizontal Stiffness 
ِدات‎ 2.1 ۲16 7٥ 217.5 [16 ۶۳ 
001 опе опт Спа 
Pos ۶) ре 14.7 kips -1773.6 kips Еј = О Бора 


* System Farameters and Inpuits + 
Par thquake, Used 1s 1 OCT S? WHITTIER ¥ 10:34 
horizontal acceleration input is LENSY DDE TRANSVERSE СОМРОМЕМТ 


Vertical acceleration input is LRNSY [DDE VERTICAL COMPONENT 
Eartnauale Acceleration Time History. 


Vertical/Horizontal Ground Acceleration Ratio [lata Time Increment 
1.000 S01 cer 
Gravitational Constant ^ System Damping 
23.03 1n/sece = A 


Mass Matrı: 


а . 20000 616:2:.0486с0 

2000 42.3732 · 0000 

2122.0420 OOO e910451 ¿0000 
E Camping Matrix 

Deu s OOOO 1723.52544 

¿CODO 107 EOE, ¿OOOO 

177254 ад ۲٢ па гара 
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Stiffness Matrix 


705 


1232 .0000 
«0000 


· 2300 


.ОООО 


.ОООО 
Ј0БЕ5 .5400 


12522 .0000 ¿0000 1010-319 , 5ج1‎ 
Undamped Natural Frequencies Mode #1 Mode #2 Mode #3 
1.7ЕР гаа/свес 2.485) /1أ جح‎ а Y uil. 
Damped Natural Frequencies Mode #1 Mode #2 Mode #3 


1.717 rad/sec 23.916 rad/eec 15.210 Гала. 


260 


For Earthquake Acceleration of 100.00 % of the 1 OCT S7 WHITTIER * 10.534 
Maximums/Failures X (ims) Y (ins) Theta (rads) Time (et) 
Maximum X Е.. 42004 1E..7e 
Maxımum Y 232265 eu 7e 
Maximum Rotation – .015115 14.90 
Side block liftoff 2.744572 043971 015155 13.86 
өлсе Block crushing 2.74472 .042471 4012152 15.56 
For Earthquake Acceleration of 30.00 % of the 1 OCT S7 WHITTIER * 10.94 
Maximums/Fa1lures X (ins) Y (ins) Theta (rads) Tine (sec) 
Maximum X =“. 71 7000 5.75 
Maximum Y -222515 S.72 
Maximum Rotation (0156: 1 17217 
Sree Block slıdıng =1 5876069 . 006.575 .012240 16.10 
Side block overturning -1.9676093 ORS TE Os ely 162515: 
Sige block lifto** -1.58g2900 .Qgeseoo 155082 164.19 
Side block crushing =. 7204893 -.0O992 EON T sta! 14.945 
For Eartnquate Acceleration of 90.00 % of the 1 OCT 57 WHITTIER * 10.34 
Max:mums/Failures X (ins) Y (ins) Theta (rads) Time (sec) 
Maximum X "e 2102045 13.72 
Maximum Y 232031 5.72 
Maximum Rotation .01504% 17.17 
Sige bloct liftoff E qeu Em ‚OOSE1O -0135996 17.08 
Side bloc) crushing = ОЕ 24е cde NE =. Ü] b ss; 19.43 
For Earthqual.e Acceleration of 70.00 % of the 1 OCT 87 WHITTIER # 10.94 
Maxiamums/Fai lures X (ins) Y (ame) 0687 7 5 5 ٦ ПО as 
Maximum X -3.,6575504 4.0% 
Maximum Y .200 ا‎ Ee 
Maximum Rotation 01387 zeit 
L_Srogebliackt slıdınn OFF SRF —-.013022 (122216, 17212 











Bm ТЭЭР ЛЛОН ЭГЧ 


Side cverturring .۔ ت ڈور اہ جب راہ‎ 52 
$10e bloci lifto+* ЕД = . 005, 155 
Sıge block crushing е,220717 - 00742 
For Earthquate Acceleration of 60.00 % of 


Ma-imums/Failures X 


=.. =b ap тыз GENE s. oe کت کت‎ s om سے‎ G G «зен «ға سے تہ ت ہے -ے‎ «шы» am m ә «жы a «лә» — دس جع ہے‎ 


Maximum X 
Maximum Y 
Ma-imum Rotation 


No failures occurred. 
ES 200 2 


For Earthquale Acceleration of of 


(ins) 


(ins) Y 


Ma: imums/Failures X 
Maximum X 
Maximum Y 
Maximum Rotation 


Side block sliding -- 00626:0۲ 74ض‎ 
Sıde block overturning -.ООд26-5 -.005044 
310e block liftoff -0453471 „002213 
side block crushing Erg 3E 2 10775508 5486 


For £artnquate Acceleration of 69.00 Y of 
Ma..imums/Failures X (ins) Y (ins) 
Maximum X -4.252107 

Maximum Y ‚132457 


Maxımum Rotatıon 


Side bloc crushing - 1 316:34 4 


Бег ح ظا ہن6 دی دہ‎ Acceleration of  €&7.00 ^ of 


(ine) Y (ins) 


Maxımums/Faılures X 


Maximum X 
Maximum Y 
Maximum Rotetion 
Sia] bBlocB crushing zi 


For Earthquate Acceleration of 66.00 of 


Mavımums/Failures x 


— — a ee «жы» = "e = х х х “ х : 


Ma:sımum X 
Ma-:ımum Y 


Ms mim Ent St AS 
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ОЛ ое; TE 
013670 JUS 
= O11 5°: 1 


the 1 OCT S7 WHITTIER * 10.94 


Theta (rads) Time (sec) 
12277 
m. t 

- ,0 94۹ lcs] 7 


tne 1 OCT S7 WHITTIER * 10.54 


Theta (rads) Time (sec) 
idc) 
ate ve 
2015703 127218 
.Q1/u" 17.18 
.0157093 122:215 
.015656. 17.14 
= 011937 15:50 


the 1 OCT 27 WHITTIER * 10.4 
Theta (rads) Time (sec) 

47.09 

Е 

¿013340 17-165 

ITI /E- 15.03 


the 1 OCT 27 WHITTIER * 10.78 


The? et (au ) T Ime far, ) 

4.03 

z! . 72 

012333 177217: 

16.095 3ة 7ءء 
ers? MES TLF A a‏ 
Theta (rads) Time (sec)‏ 

13.73 

e. E 

Nt Gas TA VE 





НЕ 51005 11141014 ¿14215 НЕ eu! "+۶8200 m ji, ie 
Side block crushing ЕЕРЕЕ ЕО еа .۔‎ ۸/17 154500 


For Earthquale Acceleration of £5.00 4 of the 1 OCT SV WHITIJER * 10.34 


Mami mums/Fai lures X (ins) Y (ins) Theta (rads) Time (sec) 
Maximum X 5.578296 13.75 

Ma imum Y ЕЕ €. ^r 

Ma imum Rotation .. 1 КЕЕ 
Sige bloc crushing 1ء‎ UDE EO . O10711 Z: 17.17۶ 


For Earthauake Acceleration of £4.00 Y of the 1 OCT 87 WHITTIER * 10.34 


Ma.«imums/Failures X GC Ure) YR 311: 9 ВЕУ гео ۸ 0130606 син 
Maximum × =. [27244 13.70 
Maximum Y سے 7ء‎ 
Maximum Rotation .01015%, 7.215 

Side block crushing . 232469 -.004547 018173: РАЗЫ 


For Earthquate Acceleration of 62.00 Z of the I DEI су иі” 30,5 


Marımums/Failures X (ins) У (116) Theta (rads) Time (sec) 
Maximum X 2.725350 13.75 
Maximum Y 1[(ا2ء 1076ء‎ ERE 
Ма imum Rotation 19ء‎ 272.13 


No faılures occurred. 
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Isolator Equivalent Modulus 
-4 Stiffness Spreadsheets. 


3 651۲۶۹257 6ی 1:۶۵۰۱ وق‎ 6315135,122:180 185855 «176:5.1113 ГАР 
AN) ISULATORS 
SYSTEM Be 
ҢІЗ 4505 А2. 1” A cic A A جو‎ 
B FOIE CENTERS 
емее: 718٤ 
223 ЗАРЛАН 11ع‎ 
el 8: ai Hu Y 
ilh E х (4) (IN) 


40900. 17 43 Rm 20 


mn mn =‏ ..................-..-.... ےہ Өв Эв Эв ӨВ‏ ےہ ہے Ke то ар Фр Фр р Фр C mo m‏ ہے ЯВ өн өв өв өв‏ سے ہہ ہم ہہ ہہ ہہ ав өв 8в 8в‏ وہامہہ 


-. 


gt аз ең , - y. ”.4. 
20:40 221269 ص8‎ ipii si 2۱ 


nn nana amas aaa aaa сы че че <> че че <> aaa ےہ ہے‎ нэ دہ ہے‎ =з سے‎ ooo 


842924158,1812742:11111.1129278000000-114538000000 


= = o mode de de UP oam ما‎ Gb cm code == de co de mm =з ©з = = ©= == ~ mo oum «= «= == == єз єз єз = e UR чь ез ш = © — = ®= ©з ©з ©з чь = == = = = = =з ч» = Roo oo ooo ooo 


23201441 1: GEAR ELEMENT 
Gir کو‎ RUIN SHEAR 
poo . Pra ° є eee T 
5 atte E AU DEFLECTION 
2 N 
-: ш ЧИА” 50806665874 
- - - - - - - - avrren 
LAE и ٠ Wr. 
d: cm TRANSVERSE HE i HT 


wwe Ke Pe SO OS POS SSK OBER KOKO سے‎ =з єз єз єт єт m mn m m m Da nm эв Эв m m Өв m m nn =з Өв am Эв Өв cmo cm c === <= –< ~ – = ~ = 


ee nn ہہ ہہ‎ Эв Өв Өв Өв GR GR GP c سے ےہ‎ Өв Өв Эв Өв Өв ےہ ہہ‎ Өв Өв Өв Өв m m m m 


ле... -.- - 9 ^ ^.^ ents y т A; 
зс ~ AE e eI ar eh 22212312 
лен a“... mar pga ч spanje ^ `. 
۶55 4ئ‎ 1173245 20041725 


Dar ur Inter ELEMENT 
5,” Са STRAIN CHEAR 
21) AREA a wl Ni DEFLECTION 
№“ 7) (IN) 


۔ ہے سے + ے ہدج ہے سے ہے ہ ے اھ НЭЭ‏ ----————-——---—-—-——- 
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21060678 ;+ 60وا 
DEF Te: TRANSVERSE 6667‏ 
t: B; H; 12 L2‏ 
TUN) (IN) ME! 18)‏ 2 
pun l‏ 48 42 175545 
DELIS 521222 11.3 BEI eee‏ 
МОН 414202911 12:11‏ ۱1ء 
Se: ee SPEAR ELEMENT‏ 
STRAIN SHEAR‏ .20115 8.7 
rc ATEA (ININ) DEFLECTION‏ 
(IN)‏ 21172 
0,0000:55581( 0,3000192:84 2180 12527 
ESMEN 14 КР‏ 
DEPTH TRANSVERSE HEIGHT‏ 
Ed ц há 14 ÉS‏ 
Р51 (18) (13) (1874) (IN)‏ 
5 387072 48 42 352 
мал”, 6E414 714^? 4)۸ сал‏ 
٤7 8٤7 2.5598Е +08 1.2799 +08‏ 2 
RIGIDITY TOF SHEAR ELEMENT‏ 
š; CONTACT STRAIN SHEAR TOTAL‏ 
AREA UN/IN) DEFLECTION SHEAR‏ )251 
amm (IN) DEFLECTION (IN)‏ 


=<“... ..Á......Á ..Áv..v..Á..Á......v.Á..Á..........-................................... 


1ر 204 4 .0 
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= 


8! 


Mi 


02 


M2 


03 


94 


М4 


05 


M5 


8 0 


1.2741E+10 


9 4+ 08 


1,2743€+10 


0000 


0000 


00000 


0.0060E «Q0 


0,0000F+00 


00000 


2۸) 


21 


-1.2743Е+10 


۱ 


000 


0. 0000E *00 


00 «00 


0000 


0. 0000Е +00 


0.0060E «00 


-9,4 £408 


-1,2743E+10 


9, 4410£ «08 


۰ء۸ 


-1.56495E+05 


22606 


0 00 


0. (000E +00 


0 0 


0, 0000E +00 


STIFFNESS 1 


1. 27426410 


1. 1458E«11 


-1.2741E«10 


2.0987 E «11 


-2. 2469 E «0b 


27 


00 0 00 


000 0 


0 00 


00 


000 


0. 6000E «00 


-1,6495E+05 


2. 22698406 


81۱ 


4.0770€+11 


-8.1540E #11 


4.0770€+11 


00000 


0)0 0)0 


0006 0 


0. 0000E +00 
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200 71 


4.0770€+11 


21 


-4.0770€+11 


1 


0. 0000Е +00 


0000 0 


(0 


000 


(1. 0000Е +00 


0.0000Е +00 


)۱ ۔ 


1 ))۔ 


8.1 


1 )).۔ 


-2.13320E «07 


6. 19959E «07 


0.0000E «00 


0.0000E «00 


00 


00000 


0011 


1 


-4.0764E«11 


2۱ 


۹7۶ ۔ 


۷ 


0. 0000E«00 


00 


00000 


0. (000Е #00 


0, 0000Е +00 


0. 0000Е+00 


07 ۔ 


-6. 29959E «07 


2.131520£+07 


APRA) 


0.0000E+00 1ؤ‎ 
0.0000E+50 tht 
0.0000Е900 42 
0.0000Е900 12 
0.0000€+00 7 
0. (0Q0E «00 th3 
b. 39959E+07 q4 
8 ۹ 
-6.39959E+07 45 


208 5 
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КЕТЕТІНІ 4 OF SYSTEM BLECKS = 


41: -1009 186 
қо: 20441124544): -81000 IN*LBS 
S? = и2 = 11 = Чу = ВА = 54 = 85 0 

es = 1000 15 

ai = thi: 0 


-- e o sommo ooo oe ooo e Rode deo e ode de ode D E de oe ede ode o om ч» ш ар азар «р аз» nn m m nn ә еә Фә Фә ә ә ФӘ ҹә m m m єз >> m m m = + + 


۲ ۰۔58 


q2: 0,0000]224I9 in 


th? 0.0000068283 rad 


-Bl -B2 
q 3,٤0 -1003.66391667 -34060, 4575 


КАЗ 0.0020455201 rad 


54 2077-2222 ۶ СЕЕ [Осе 5 
4, ДИЯР, 5 732 

05 10482 385814 n -834523,95774  -231£464,4596 
қр 0.00 ЕГЕ ғас 

K “SENE ELL FUR 1] Bee. Bock = 1198:,4 855095 485716 ۹۹۹ ) ۳۵۳ 

К ПОЗ СЕЛІ М KEcL BLOCS 2. 1977550. 6920 (06:13 1508 SIN 


ш шош == = © == э T о === = ~ в чю ч» аю ч чь өз ӨВ ӨВ эв эв mo ode ode m o dom Po eO OP rr rra 98 Өв Өв = =‏ == مد بل ا مد ае р Чр ар ЧР ар ар аә Ч‏ حم دہ ہہ سے سے ےہ єв єв эв‏ ہہ Яв‏ ہد دہ ہے 


ai = -1£32. 0689 
4: -51946,9000 
42: 0.0000 
< s 0.0000 
27: 0,0609 
“7: 9.0200 
ae 0.0506 
іі: ++ 012 ٦ 
sy ®Ё 1009, 0000 
из = 0.0000 


TOTAL KEEL BLOCK MORITCNTAL STIFFMESS COEFFICIENT CALCULATION: 
SYSTER 88 1" КСввск САР Ж/ 150281085 


+» = = = +” яә чь ч» Ф чь чо «5 а= ев «вв е өз өз өз Gb Ub Gb Gb eode de d ев «ғ «ғ <> GR Gb ЯВ ӨВ <> ч» <> эв өр чә ӨВ Өв Ub GR Gb Gb GR нь o o qp ч» ч» ч» ч® ч» еә еә Фр ч ч» чэ ч» RD e de ode de mom omo om Um 


Kht (SIDEBLOCK HORIZONTAL STIFFNESS) = P/(EENDING DISPL + SHEAR DISPLACEMENT) 


cre z 2.9 КІР5/ІМ (PER BLOCK) 
217253 
Khe = 217.76 K]PS/1N (ENTIRE XEEL BLOCK SYSTEM) 
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5 4 LAYERS Ghd MeL Cos Ko CAS INS eh ACERA CAP 
AND ISGLATORS 
ANSVERSE 07 
A1 11 ul 
(IN! ۷ 418) 
45 247072 2] 


“seer we eer ere ew m cm aoc = = өв = cm m = ےد مھ ےہ‎ == ч» ч» Өр Эр و و‎ GP db Wow o m = = = = = = = = db db oc db db db om = = = = = = Эв ےج‎ = = Эв = = = = = 


SHEAR ELEMENT 
STRAIN SHEAR 
(1N/1N) DEFLECTION 

LIN) 


тее те ее а штат ата а Фое е е е е е е е аре е е а е а е а ےہ ہے‎ = = = m Hw wwe ee ewe wee eee eee ee ee eee we ee eer ees ee 


ынны 


===============================— == ہ‎ == == == == жу mn mm ma men nn nn ns mu mm Emm nm un mn nn en 


=============================—============>================== === === == == <= = 


TRANSVERSE HEIGHT 
2 i2 2 
(IN) (IN á) Ux) 
48 387072 6 
111219 12012 


= з & = = = = qom oo ooo oo omo == ہے سے ہے == == ساس‎ чь © = = = = э Ф = — ч» Ф ч» Ф о Ф = rra rra т = = = = = 8 8 


e, A£12200E «54. 2, 5804800E* 25 1.29%02400Е+55 


2> +54 


SHEAR ELEMENT 
STRAIN SHEAR 
(IN/IN) DEFLECTION 

(IN) 


1.9:3:1720-2) 2.97319028-49 


=========–=—=======< === == == = эж эт سے‎ сэ эж өв Фр ...Á ..Á ..Á.Á.Á © --е-ес.-е «.-е.в»....-.------ае»с-е----- 
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ELEMENT @ 3 DELELAS FIR 
DEF TA TRANSVERSE ٣1۱ 
Ë ју HS 3 3 
iPS, LIN) {IN (1174) GN) 
iUt «50 42 43 387072 l 
175131273 8 31525372 42713715 E313/L3 
4,54130-5: d Use ET EO 1,548:5-55 7/4۲55 
81510111 Tor SHEAR ELEMENT 
Sr [CN ACT STRAIN SHEAR 
21 SER Ue iN) DEFLECTION 
В GNI 
1,900:45 919 14,7201175с-50 4.901175Е-59 
ELEMENT ga (1$ 13234728 
ЈЕР TRANSVERSE HEISKT 
гі 84 ні 14 3 
(Р51) (M (IN) (IN `4) GN) 
559 42 48 187072 21 
12414 (473 8414/1472 46414714 2E414/L4 
5 5 07ء 07 06+0 ۵ء‎ 
RISIDITY 10? SHEAR ELEMENT 
517 CONT ACT STRAIN SnEAS TOTAL 
(951) АЯЁА UN/ IN) DEFLECTION 38:88 
(iN 3) (IN) DEFLECTION CIN) 
b. 99260] 1411:2" 10:0101573292 ْ9پٰ"ٰ ى۶‎ ۵6٦۹ 2.7371E-01 
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91 7٦٣ 
00 90+ 398922 *2- 
buy Lor 692 
yb 900398507" 
۵ 
cd 000 
1 0 
СЬ 00+ 30000 '0 
[43 006300500 


1D 00+3000 °0 


9 0 Z- 


00412509971 


1043:03:2:0- 


0 1- 


00430000 :0 


00+ 30000 °0 


02*30000 *0 


Qu* 36000 `0 


00+ 30009 *0 


00 [100000 


0 6٤ 


001220۳ 


95918221 2- 


531121 


7531 e 


00+ 30000 °0 


U0* 30000 °0 


00+ 30000 °0 


00* 30000 6 


30398907 2 


60* 326619" 1- 


ت700 


9 ۷۶ 


ک0 700 


95116917: 


00 0 


00% 3000070 


0 0 


00» 3000070 


00+30000*0 


0 70 


٢٢۷۱) 


9 1 


999 0 


563098271 


ЖАТАР А 


00» 1000070 


0 00 


0 °0 


00+30000*0 


7 ٤ 


95136119 1- 


9 06 


9 ۷۳ 


۰ھ) ٌ۶ ) 


٤ك‎ 


0 099079 


00» 0 


00*30000'0 


00«30000 *0 


0(4 3000070 


0)+ 10000 °0 


553667 


٠ھ‏ وہ 


65936151 1 


"53921 179 


15932198 2 


٣777٤‏ ۔ 


118104 5 


آ70 0 


(00 10 


0 0 


0010000 


5+ 32156 '9 


5.30051 °—- 


5939 179 


ك۲ 


16* 38581 '1- 


C6: 305850 C 


0 70 


00+ 30000 °0 


00+30000 °0 


00 0 


00+ 0 


(0 ۰ 


۶۷٤۷ 


ت1 


7645 هو 


6)) 78٤ 


00 0 


00 0 0 


00+30000 "0 


00+ 30000 °0 


00+ 30000 °0 


90» 3000270 


(59186811 


(5%38852 5- 


(69386817: 


26918651 72 


SH 


50 


tH 


0 


2o 





KNORN. ,4, UES: 
8| 5 


"| 


— ر 
ua = Re =‏ 


ts = 


81041161251: 


181 


A) = N4 = Q4 = 


NŠ 


-1000 lbs 


-61000 IN+LES 


0 


1000 [bs 


& CF SYSTEM BLOCKS 


55 


= о ra AA өв ар ар <= э == == 0 “в "т а» ай єз ч» == чє ар чш эж ше ч аш та == == == а} “р өв өв өв amara AAA ӨВ Өв = = === 


SOLVED UNKNOWNS: 


42: 4.83576348-49 їп 


th2 3,3133371€-50 rad 


02 7.0555751Е-49 tn 


thd 3. 7938676E-50 rad 


* ` ean 


POP I REEL 020 = 1.2083794856) 105/2 


ras 


-Bl 
-1267750 


“г : 
0 9 ۶ 


0 تچ 


7 07 


-B2 
-4048000 


e negrer, 
БТ...) 


-27000 


1.24822846448 КІР5/ІМ 


eS ee ee He SOHO өд нв Яв ав P aD D =т =т == яр р ор ч} ч «В ор =т == == — =т =т= =т єт = =з єт ше © өв m KP «в «в «в «с m m m mn na dm mm m m = = == – ue өз өз өз өв өв ЯВ Өр Өв Өр oo m o o ooo 


яв єв өв ав өв нв цэ  يد‎ ФБ == mm an mm nad mm m mm mm mm mm m m m m m m эв эв ов эв Өв ар Өв ар Өв Эр ав өв ав m m m m m mn pn nn sm mu mm nd mn эф ч =» ар ар =» = =з “Р =>» Sr et eee 


ыз 
— 
“ 


“! - 
. 


0,0929 
0,78% 


7 “жа” 
ал? 


199.0006 


0,9660 


TAL KEEL BLOCK HORIZONTAL STIFFNESS COEFFICIENT CALCULATION: 
STEM 86 1° RUBBER CAP w/ [SOLATORS 


m m =>» em o n am e en n em em m o ==‏ ہي ےہ ми o ============= === е‏ دہ ہہ دہ دہ ےہ و ہپ «в «в. өз өз ез OS SOS ем өз өз ез ез ер ел <5 “г өз «о «в «в «> ав «0 <> е» нв «о «в‏ = ےہ 


Whe (SIDEBLOCK HORIZONTAL STIFFNESS) = P/(BENDING DISPL + SHEAR DISPLACEMENT) 


“fx = 


tne 2 


3.96 KIPS/iN 
185.00 
184.59 KIPS/IN 


(PER BLOCK) 


(ENTIRE KEEL BLOCK SYSTEM) 
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FT BUILD. 


HEIGHT 
i 
(IN 4) 


m um = = == = == р ч= == mann nen me mn nm mm mm mm m ........-.-..-....................Á. .....v........ 


т ша а е а ә ар в ә ә в ә ав аә аә ан Ф –—================= ӨВ ЯВ ЯВ ЯВ ЯВ Uo b doom ә ә аә ood ЭР өв rr “> 


-ж--....ж. жә» ж-е өк ш Өв Өв Өв ہے ہے ےہ ہے‎ m mn سے ہہ‎ =з ہے ہے مہ‎ м» «т єт ШР шю ш ш сє == ےہ‎ =з Щр «> =з ہے ے ہے سے ےہ ھ ےہ ہے‎ =» ШР دہ‎ oo Р سے ےہ‎ = == 


MS p= 
"VELLENT A. E 1 Faw @ bavess 
59171524) 
# ta ~ а arar سر ھا ےم حم‎ ~ wa 
4822 15 ат", LIE 515 on ЕГЕ ا‎ ы sit Мб 5 
18 СОШ 50 
r rss 1 CONCRETE 
DEPTH TRANSVERSE 
E! 8! Ч: 
55) (IA ve 
4300000 43 A? 
SUMMA . Mtro? 11110 
+2 (л) 290920 95784710000 
DEEST Tar SMEAR 
31” CONTACT STRESIN 
521 AREE GN IN) 
Ге. 
Син 238 -: 67 


=== - ам өв سے‎ а ав Өв ов өв «ы «ы «ы єз єз == «= эф =з ہے ہے ہے سے ہے سے‎ өв в == == == == з эз чш єз == == == == == == == سے ہہ == سے‎ == == = єз ч= =з == =» => =з Эв Өв Эв Эв Өв өв ст эв 


= = کہ‎ ав эй нв өв nn Ойр ий чь == «+ == == өз cb ЯВ өв авав Өр эв = өр яр POUR WR GR cm =з ш Эв == өв =з =з єз «з =» =» =» =з == == =з = == ч» == ө ================= == 


ш а т а о Ф Ф ео ев ә ә ә ав в ә ә в === === = = те = = = => ےہ ہے‎ = = < = <> >. Әә с ЧР دہ دہ ج‎ ss Яв 


14-44%.) 267 
عة‎ ~ ғ 


Р‏ ہے ہے دہ өв =з‏ ےہ ےہ == ہے ہے ہہ ہہ m GR GR Gm‏ ہہ HS ee HK UP GR Ge UR GR GR Gm Gm Өв Gm‏ سے دہ Gm‏ سے «ыу‏ ھ ےہ ہہ ےہ لہ ہے سے ہے == سے ہہ سے سے سے ہے ч»‏ سجسے ےہ ےہ سے ہو ہے 


„= ч. «чы ч ч ч ч чь ч чш ш = ш оз єз яш m m m m dm m m mn m m mn mn mn m nn mn mn =з «з Өв Өв m m m mn nn m mn m ann == «= Өв + + + = += = - 


=a aa area 
2.°4.5,1%76 
rer ents 
A.D. Y 

ag 

24” 

881) 


015 iSOLATOR 
DEPTH 


” 
4 нг 


iN 


СЕЗ АЗАЯ 
6212000 4 


74540.۹۵7608 — 9410822. 5966 
тде SAAR 
CONTACT STRAIN 
Ast УМ 
(IV i: 


Ele 


ELEMENT 
SHEAR 
Ег СОТТОЙ 


GN 


rp 


nono 
„Беса 


en? 


4705311.7954 


ELEMENT 
SHEAR 
DEFLECTION 
(IN) 


0۰4404507 


----------.--.-.-.-..-.---.------.-ж----.-....--ж««--.- “- е-е -- =з =з =» = ат чэ «з чь oo oo ooo ooo 
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E.ENENT 4.5. 105145 ۸۲ 
DEPTH TRANSVERSE НЕТ6ЛТ 
2 8: Hi МУ L3 
LEN (IN Нм (IN 4) (IN) 
72 7 12 24 12824 2 
МЕСЕ о Кес л, ОО 2113 


= = ее со ео еә еә еә ар ав ер ер ар арар ар "m UR Am p ch UR UR UP m 4m m UP Um > «> әс е» 4m Ue ЯВ dm 4e de de cm Ээ ав "mo" эв m m ив «ә <> «ы «в «в «в «ы ғ «> om ou» Ro oo oo ooo اعد‎ 


шее е ә е о аә о о ә ав ә ав ә р ар ар р Фр Р не 2 2227 7 2 22 - ӨВ Өв сүх эв — ewewe = = ===> яв ав. 


RIGIDITY TOF SHEAR ELEMENT 
Gir CONTACT TRAIN SrEAR 
۲ AREA АМ DEFLECTION 
UN t? (14) 
¿807 04ء‎ 0.5005101012.. 2181 


2 м — оя + –—– === == === – –– === === - - в . ««»- de cA Өв "Rode de cm comode ж» == ч =» =» =» == ©» «= ©з єз ‚з = «= Яв нв эв ooo өв 


ГЕРТА TRANSVERSE HEIGHT 
x B4 H4 14 L3 
(951) iN} (IN) (184) (IN) 
332 1: 24 12824 b 
Наэ) НиИлЛ42 AESI; LG 4EAT47LÀ 


e aaa aaa as A as = = = ~ = === ============ 


7, 6185E «05 266 ۹.1406 406 


eae Se ee SSF SST ST SSS PSO eS m um de UR др P UP Өв VP "P UD "D "Dm ағ ЯВ ЯВ ағ raras os e өв өв 


“7 ТОР SHEAR ELEMENT 
8,7 CONTACT STRAIN SHEAR TOTAL 
1211 AREA (IN/1N) DEFLECTION SHEAK 
(1172) (IN) DEFLECTION (IN) 
135 288 0.0101558924 0.0621341541 3. 0951E-01 
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SUI ۳۵ 
8 - 
۲ ۲۷ 
yb 9093/6687" 
۷ 0 
) 6 0 
241 00%3900070 
zb 004309000 
142 00%3000070 


10 10+30000*0 


90%3/56827(- 


60%3958197/ 


909 315682 2- 


609396819 /- 


0 00 


00+ 0 


00+ 30000 °0 


00+ 30000 °0 


00+ 30000 


06+30000°0 


90 ۷ 


94-٣ 


605361 09 7 


50938116 1- 


6037. 15" 


000 


09» 1000070 


010 


00+ 30004 °0 


мире а АП 


90+ 35580 "С 


S0+395919"1- 


50438116 1- 


۸۸071 


80931986 ۰۳ 


50131966 ۰ 


0 70 


00+ 30000 °0 


0 0 


000 ^ 


(0 0 


00 10٤ 


601 


۸0۸) 1- 


+۳۶ 


361 


9 7۷ 


60931621: 


00 


904200007) 


0 0 


09320900070 


80831948571 


011 


60:3: 81671 


55630915 


6793)62171- 


10935028 ٠“ 


00930009 0 


00 0 


90430990 "U 


:043709270 


05109007 0 


00) 30009070 


9 0 ۷70 


ЕВЕ = 


0 064 


60490980 'C- 


0 07۷٢ 


۸۵۰۶ 


009 
00+0 
0 30800070 
0 0 
"5۰۷ 
۰ 
600+36 
0071 


60+ 30269 2 - 


8 


00 00 


00 100٤0 


QU* 36700 '9 


(10+39000%0 


099 3900) °0 


ШЕТ! 


01 (۷٢ 


۸0۸0 0 ۰٠۳ 


000 0 6 


۸) 77۳1 


00 00 


۲00 


00 ٤ك‎ 


00+ 3000 °0 


ك0 


(ме 32020 "0 


60+30180°% 


80%3190271- 


50» 29/80 7 


80087 
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КАЗАҚ ‚Auges: 
Pt =- 
Ши ы 


и, = eci = 


Zn: WEN ИЕ = 56 = NS 0 
42: 1909 105 
]و3‎ ۰1٥ 0 
SOLVED ۸۷5۰ا‎ 
022 іл 
۲2 61 0 
-8! -82 
с ْ 1n -1006.01829854 -27062.032332 
tn) 0.007442457 габ 
E ал. O 00 خر‎ 
4d 5, 737) 381 79 
E ал -42927.411451 4 
t&9  0.00874:8528] ras 
ШЕТКІ OR Sil ESC = 10150. 022.157 155.1л 17,15342017:27К(557:ч 
с |2090 PBST IY есе LOCKS 5 94591, 017.5 155, ;п 258, 59841796 KIPSIN 
NATRII 16 
as = - 1290, 4 
Ч: - ( 
a. = 9.99 
Е = 0.077) 
Э: ) 
PE 6.5204 
dp = 0.5520 
w = Ж 


05 = 1000, 0000 


"c 0.0000 


t OF SYSTEM BLOCKS = 


-1200 its 


-75000 IN*LBS 


TOTAL SIDE BLOCK HORIZONTAL STIFFNESS COEFFICIENT CALCULATION: 


S/STEM Go I*RUBBER CAP «/ ISOLATORS «U 


A тиш Ше ан «ө = ТЕАТР ҮШҮ ҮЕ خی ہو‎ 


Khs (SIDEBLOCK HORIZONTAL STISFNESS) = 


PILEENSING DISPL + SHEAR DISPLACEMENT) 


۲٦9 = 1.52 КІРЗГІМ (PER BLOCK) 
44,00 
(^s - 08 ۷. ENTIRE SIDE BLOCK SYSTEM) 
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ШР — э а> u 2 


Required Isolator Characteristics 
spreadsheet. a . 


° ° ° ° ° ° 
А MM UAE i 
T مت‎ ee o Ba 
m pd b еее 272 رر گی چو وہ‎ 
Хе, = 00 iN 
бе 2 51155018 


mu = 26 KIPS/ IN 
з = +290 5 
Mal ЁК] = 195 KIPS 
DIMENSIONS: 12:48:29 INCHES 
wJiVA.EN! REG D ISOLATOR KHK TOTAL= 144,72 AJPS/IN 
EQUIVALENT KH) FER ISOLATOR = 2.63 KIPS/iN 
DU ONE ce 2 255500 ҚЫҢР 5 20,4 КІРДІК 


Б-мен) ЖҰМСА (35057085 0,27 KIPS/IN 


Runs 22 01 ۷ 

Bat hl = 1820) КІР 
24777-55 Sts с ЕИО ГЕ ТОА = 1169 KIPS/,N 
63,188 057 ۶۹۳ ۶۸ 5۸ = ДЕТЕТА 


Ix 0.41979 IN 


37 KIPS/IN 


» 
X 
Cr 
" 


KSHP = b KIPS/IN 
202 = 92.25 КІРЅ 
MAL R? = 36 KIPS 
DIMENSISAS: 24x 020 INCHES 
EGUIVALENT RES D ISOLATOR KKS TOTAL= 59.71 KIPS/IN 
EQUIVALENT kHS PER ISOLATOR = 2.06 KIPS/IN 
EGUIVALENT REG D ISOLATOR KSHP TOT= 9.18 KIPS/IN 
ESUIVALENT PSAP PER ISOLATOR = 0.32 KIPS/IN 


KVS = 4254.23 KIPS/IN 


Е ... ! ríe 
ue Ce еи . - 
= = + . - - - - -- و‎ - = == - LE e. 
ا‎ 20007 fale сс = و‎ _ =“. Shae alee © 
-4 .-... -- € .... - 
. - >». - =, ee *ES/IR 
-- جج‎ A өөө го . : САИ р, 
Ко E^ ےل‎ М 2 E 
Сз 2 ve 1% `. -o 
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APPENDIX 6 


"SDOFRUB" Wale Shore (EL Centro) 


Input Data File 
"SDOFRUB" Wale Shore (EL Centro) 


Output File 
"SDOFRUB" Wale Shore (NORM DD2) 


Output File 
Wale Shore Design Spreadsheet 
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"3DOFRUB" Wale Shore (EL Centro) 
Input Data File . . . . + . یپ‎ 


ыг шог ЕРБЕЙРТІЗ 5ҮЗТЕП LATS ILE: ٣ہ ۷۷ص1‎ ۲ 


Бет FILE PATGees 


SHIF NAME: ЕЕРЕТЕТТЕ = БРЕШЕ 

DISCRIFTION OF ISOLATORS IF USED: 1” RUBBER CAF 

DISCRIFTION OF BUILDUF: 
= FT SFACING COMFOSITE CAF AND FIERS RIGIOLY ATTACHED TO GROUND 
DISCRIFTION ОҒ WALE SHOFES USED: WALE SHORE DESIGN 

DISCRIFTION QF ['AMFING: = % DAMFING 

LOCATION OF DRYDOCt BEING STUDIED: NO SFECIFIC LOCATION 

NAS SEA DOCH ING DRAWING NUMBER: 545-20068640 

REFERENCE SFREADSHEET STIFFNESS CALC FILE NAME: SYSTEM 12 
MISC. COMMENTS: S*1wWS.DAT 1955 19 FER SS 


SHIF WEIGHT  (KIFS) Ws 16363. 
HEIGHT OF KG (IN) H= 133 
MOMENT OF INERTIR (+ IFS#IN*SEC 2) Ik= 2410451 
SIDE FIER VERTICAL STIFFNESS (FIFS/IN) Кус= 455425 
SIDE FIER VERTICAL FLASTIC STIFFNESS (FIFS/IN) Evsp= 7552.4 
FEEL FIER VERTICAL STIFFNESS (+ IFS/IN) KVEs 29286.68 
PEEL FIER VERTICAL FLASTIC STIFFNESS (+ 1IFS/IN) | EVEFs 27857.73 
HEIGHT OF WALE SHORES (IN) AAA= 133 

WALE SHORE STIFFNESS € IFS/IN) |5= 2000 
SIDE FIER HORIZONTAL STIFFNESS (+ IFS/IN) EHS= 4583.73 
t EEL FIER HORIZONTAL STIFFNESS (FIFS/IN) tH = 12215. 


SICER TER HORIZONTAL FLASTIC STIFFNESS(EIFS/IN) &SHF2 4593.73 
BEEESEUDEEOBOURT-ONTAL FLASTIC STIFFNESSXPTFS/IN)SEERHF- 1821-7.1 
> TOR TNS FORCE AT © DEFLECT FEEL HORI? (KIFS) Obi= 0 
шэг 0-Е AT п DEFLECT SIDE HORIZ EIFS} ue= Û 


FESTORING FORCE AT 9 DEFLECT SIDE VERT (KIFS) QD32-945.44 
RESTORING FORCE AT © DEFLECT KEEL VERT (КІР5) ОП4--2724.11 
GRAVITATIONAL CONSTANT (IN/SEC 2) GRAV= 388.03 
[ee nr ЊЕ. r = зығы 
cec L ЖОС» WwIUp- IN) |Бејг ned 
EMS. ER CH мест 8 2:4= 75 
"ЕС! PLOC: EIT i КЕНш €i 

ос OM 6ج‎ FRICTION COEFFICIENT کال‎ 

MEL ON ECCE! FRICTiON COEFFICIENT Мес .,75 
cine FIER TO SICE FIER TRANSVERSE DISTANCE I'l) ER= 144 
ZIDE EIEE CAF FEOFORTIONAL LIMIT SCFL= .7 
‚КЕ РЕЛ САС FROFOFTIONAL LIMIT КСР{ = .? 
TONG. SIDE FIER CONTACT AFEA (ONE SIDE) (IN 2) SAREA= c o 
TOTAL FEEL FIEF CONTACT AREA (11427 FAREA= “55440 
FZEECENT CFITICAL IAMFING СЕтмт ос 
AI ШЕБЕР (ХХХ: HULL= Kim 
SYSTEM NUMEER (111%) Nore “1 

CAF ANGLE БАЙ) БЕТА- .277 
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"SDOFRUB" Wale Shore (EL Centro) 
Output File € е °* o> o òo òo ò% © ө 


бээ, Cleten Sl sees 


* Ship Farameters ж 


t Moment of Inertia КБ; 
| 195 2410451.0 kips-in-eece е Ins 


هم 

("m 
. 10 
. 7 


* Trydoch Farameters * 


Side Block Height Side Flock Width Feel Klock Height Feel Block Width 


7,۱۱ 9 373.0 105 -1.0 15 373.0 ins 
Eude-to-sgsge Fier Histance Wale Shore Ht. Wale Shore Sti? tess Cap Angle 
iue Ins 192.0 ins £000.0 kips/in .977 rad 
ісі0е Side Fier Contact Area Total teel Fier Contact Area kkhp 
cec Ue с440.0 ine Tec lee 1 ۹ 
Е/Е Friction Coeff H/B Friction Coeff l shp kvsp 
3.000 wel) 0205.05 BSL AA A ٣ 
Side Fier Fail Stress Limit Heel Fier Fail Stress Limit kvkp 
./00 kıps/ınd .700 kips/ine зен ге ٣ 
Ss ge Fier Vertical Stiffness Side Fier Horizontal Stiffness 
4554.22 bips/in а о Фа 
teal Fier Vertical Stifness teel Fier Horizontal Stiffness 
ссосе,7 1054]. 13e1S5.1 l1ps/in 
201 Cic OES QA 
ШІ) 6:05 “on Bos -949.4 Lips - 2754 .1 |105 


* System Farameters and Inputs * 
Eartnquate Used ıs 1340 EL CENTRO 
Horizontal acceleration input is HORIZONTAL 


Vertical acceleration input 15 
Earthquake Acceleration Time History. 


Vertical ‘Horizontal Ground Acceleration Ratio Lata Time Increment 
1.000 2010 sec 
Gravitational Constant 2 System Damping 
З56 203 їг/весд зоосоо 


Mass Matrix 


32.3332 20000 3132.0420 
.ОООО 42.3322 · 0000 
31335.0820 000 2410491 ,О0000 


['anping Matrix 


112.6203 QON 12864.3077 
‚Оооо 713+09 2 · 0000 
{Pee a xcu 27 Han 2234224 2142 
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¿0000 2444348, 1200 


шэ--140.1 ے‎ e HOLNI deceso Til 
Undamped Natural Frequenc1es Mode #1 Mode #2 Mode #35 
13.312 rad/sec 49.21€ rad/sec 23.952 rad/sec 
Camped Natural Freguencies Mode #1 Mode #2 Mode 85 
13.333 rad/sec 49.161 rad/sec 28.44€ rad/sec 
For Earthquake Acceleration of 100.00 % of the 1540 EL CENTRO 
“-- 

Ма :mums/Failures (ins) Y (ins) Theta (rads) Time (sec) 

“ашыт X -,130231 5,53 

Ma imum Y - 252339 5.24 

Ma imum Rotation -.0044827 8,42 
Side block sliding 1159743 054163 = 004155 2.40 
Side bloch overturning 21857435 004163 - E O Е 
Side block liftof* -.03077€ ‚1913393 ,002411 5.88 

For Earthaquate Acceleration of 30.00 % of the 1340 EL CENTRO 
Ma-umus$s/Failures (ins) Y (ims) Theta (rads) Time (sec) 
Ma imum X -.170166 == 

Ma" imum Y -.сЭ276 ac с,24 

("as аот Rotation - 003354 5.82 
Side block liftoff . 164075 ‚151310 -.003910 s.91 
For Earthquate Acceleration of 50.00 % of the 1340 EL CENTRO 

Ma imums/Failures (ins) Y (ins) Theta (rads) Time (sec) 

Ma» imum X 15426625 5.59 

Ma imum Y - ‚2031593 5,24 

ма: тит Rotation - 0035606 5.42 
Side bloc} liftoff . 130779 ‚153108 - ,003525 =. 42 
For Earthquake Acceleration of 70.00 % of the 1940 EL CENTRO 
Ма 1mums/Failures (ins) Y (ins) Theta (rads) Time (sec) 
Ma imum X - ,125083 eee 
Maximum Y -.181906 5.24 

Ma imum Rotation -.002954 5.42 


No failures occurred. 
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“Fakes Farlures Y есіп!) Y Ши 
Pa 1 ХОЛ! ٤ -. 1422932 
ма M nu m Y -. 200€. 1 3 
Майї тит Rotation 
SE SIGE liftoff 125158 191152 


те а гроша ве Acceleration of 75.00 % of 


Maximums/Failures X (ims) Y (ins) 
Ma imum X - 146580 
Maximum Y - هءٍ,‎ 72 
Ma-imum Rotation 
ee Bloch lirtcré ‚127544 143455 


For Earthqua» e Acceleration of 77.00 % of 


Mazımums/Faılures Х (175) Y (ins) 
Ma. imum X -.144471 
Ma«imum Y - 135661 
Ma-imum Rotation 

Side block. lifters 1104ء‎ 147588 


ЕШ а паша е Acceleration of emu % of 


Mas zmums/Faılures X (ıns) Y (ims) 
Ma-ımum X -.141429 
Ma imum Y -.1315312 
Maximum Rotation 
Sıde bloch liftoff ‚12355 146569 
Рог Earthauale Acceleration of Є Оо и of 
Maxımums/Faılures X (ıns) Y (ins) 
Maximum X =.1533552 
Ma-ımum Y -,13126€2 
Masximum Rotation 
Side block sliding ‚123523? ‚144640 
Side block overturning "1858927 . 144540 


280 


"пе 134 El CENTRO 


- ,0034 
-.0034 


the 1340 0608 


Theta (rads) 


-.003433 
-.003933 


ЕНЕ Sa0ZELZEENTEB 


Theta (rads) 


ہے جس ہے — — سے — — — — «шы»‏ — — 


the 1340 EL CENTRO 


Theta (rads) 


the 1340 EL CENTRO 


Theta (rads) 


= ООЛ 
=. 003253 
=. 003223 


– .OOS2E 1 


Time (sec) 


Time (sec) 


— — — — — — سے سے ہے‎ ie 


= = = = = ےھ‎ «кыс «жию «жә» «и» m 


Time (sec) 


= = = — — = — — — — — 





For Earthquake Acceleration of 


11744,7) 1 _, 1 - 


Ma езаш 
Ма 1920 у 

Ма als Sc*a*tior 
Side clock elidira КАЛ сч 
Ee bic overturning Uc 
Ене p oc s Ir. t O ++ 21011105 


For Earthquake Acceleration of 


Ma imums/Failures x (1ns) 
Ma imum X = AOS 
Ma mum Y 
Ma imum Rotation 

лае block sliding .C97464 

Slice Bloch overturning .0274-4 


For Earthauale Acceleration af 
"a imums/Failures x Citas) 
Ма mute X -.1216-22 
Mam imum Y 

Ma imum Rotation 

No *ailures occurred. 


74.00 Y 


72.00 Ж 


of 


. 1 калаға 
150024 
150148 


of 


22687202 


-.127440 


12,700 
125709 


of 


سب — — — — — — — 
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the 1340 EL CENTRO 


— — — о  — 


-.00z2cic 
—-.U00ZO0ZE 
.ООЗОСЕ. 
— , O02186. 
the 1340 EL CENTRO 
Theta (rads) 


= .003135 
-.005107 
– .002107 


the 1340 EL CENTRO 


Theta (rads) 


- 0030282 


— — — — — — — — — — — 


ЛПП пп. 
JE 
4 


Time (sec) 


(on in on oun 
AK HWM 
C) €) fU БО 





"SDOFRUB" 


Output File .. 7; 


Wale Shore (NORM DD2) 


% $ $ • • * 


4 


esee System Tl 4099 
2s Hull £lr +æ 
* Ship Farameters s 


Moment of 
e4103S1.0 + 


K.G. 
14-70 108 


Inertia 
ips-in-sece 


* Drydock Farameters x 


Side Flock Height 


70.۱۱۱ 1ns 333,0 


Side-to-Side Fier [lstance 
144.0 ins 


1Side Side Fier Contact Area 
Sete Oo lnc 


E/E Friction Coeff 


„ооо 


Side Fier Fail Stress Limit 
· 700 kips/ine 


Side Fier Vertical Stiffness 
4554,0 Fıps/in 


heel Fier Vertical Stiffness 
Acs? ٥ 


200 
в Q 


Che 
kips : 


* 


Earthquake Used is 1 OCT 
Horizontal acceleration inpu 


Vertical acceleration input 
Earthqu 


Vertical/Horizontal Ground Acceleration Ratio 


1.000 


Gravitational Constant ۸5 


33۵,498 1n/sece 


we 


Side Flock 


H/E Friction Coeff 


o 


57 WHITTIER и 


Width Feel Block Height Keel Klock Width 
1ns £1.0 ins "739.0 ins 
Wale Shore Ht. Wale Shore Stiffness Cap Angle 
133.0 16s 6000.0 kips/in .377 rad 


Total ki hu 


1215.1 kips/ın 


eel Fier Contact Ares: 
535440.0 ıng 


kshp ۰۷ 
790 4583.8 kips/in 7552.4 kips/in 
Keel Fier Fail Stress Limit kvkp 


3700 kips/1ine S78S7.2 kıps/in 

Side Fier Hoarvitental St} f frie 

4583.3 kips/in 

teel Fier Horizontal Stiffness 
1815.1 kips/in 


OLS 
-545.9 kıps 


(004 


bras -e?34.1 kips 


System Farameters and Inputs * 


10.94 
t is ۶۸۷۵۷ пре TRANSVERSE COMFONENT 


is LBNSY DDe VERTICAL COMFONENT 


— —— _ 


ake Acceleration Time History. 


Data Time Increment 
80110) єє 


ystem Damping 
ei. QU A 


Mass Matrix 


862.90 
. ОООО 
5165 .0420 


Damp 


11222209 
¿0000 
16:6 77 


1 


OOOO 8122.09720 
Se yoo se ‚ОООО 

¿0000 2910991 .0000 
ing Matrix 

¿CODO 18066 7 
20 1 2 .0000 


. 20000) еза 


‚64.6143 
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SE SE E 001 
¿ODOO 


240 + 345.1200 


Undamped Natural Frequencies Mode #1 


fe. ele waar ec. 


Damped Natural Frequencies Mode #1 


13 €, 
we... 


For Earthquake Acceleration of 100.00 % of 


Maximums/Fai lures X (inse) Y (ins) 
Maximum X 192273 
Maximum Y ‚149194593 
Мау мит Rotation 
Sıgeə block slıiıdıng = І0ЕСІБ .012ғғ.1 
Side block overturning -.108216. .0166.6.1 
Side bloch liftoff .10183% ء۱٥22‎ 
Side block crushing -, 126764 016546. 
For Earthquake Acceleration of 90.00 % of 
Ma«<imums/Fai lures xong) Y (inse) 
Ma imum X .12с140 
Ma<imum Y E .127431 
Maximum Rotation 
Side Block sliding 110375 017375 
Side block: overturning 4110978 50175475 
Side block liftoff ‚103161 .021440 
For Earthquake Acceleration of 0.00 ^ of 
Maximums/Failures X (ins) У (175) 
Maximum X :119111 
Maximum Y ‚113355 
Maxımum Rotation 
Side block slıdıng O05 224764 
Side block overturning -.033814 024784 
Side block liftoff -.102703 SOc sae. 
For Earthquake Acceleration of 70.00 % of 
Maximums/Failures X (ins) Y (ins) 
Maximum X 105759 { 
Mazimum Y 07,4220 
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rad/sec 44,161 


c^ mA 
a DOOD 
Jp 
Mode #2 Mode #3 
ہہ‎ P lt. Шапса 9ت‎ л 
Mode #2 Mode #3 
r ac /sa trouve ЕНІ = 


the 1 OCT 87 WHITTIER * 10.94 


Theta (гас!) 


Time (een) 


~ о оор Б 
O O O CD f Ram 
٣ لہ‎ eo 


906.7 /Q 
905061 
00508 1 
-.005e4e 
e ODE? 70 


the 1 OCT 87 WHITTIER x* 10.534 
Треће 61 аг Tans ` 

4.21 

4.44 

.QOC.O07€8 ou 

-.005054 7.99 

- .)0 4 "oe id 

- .005097 7.60 
the 1 OCT 87 WHITTIER * 10,44 
Theta (rads) Time (sec) 

4.21 

4.44 

¿0035393 7.85 

004855 7.82 

O04963 MEC 

7.85 77,7 0ءء 


the 1 OCT 87 WHITTIER # 19.94 





> c m 


For Earthquate Acceleration of 73.00 % of 
Ma<imums/Failures X (ins) Y (ins) 
Maximum X ‚116510 
Ма-<ітит Ү . 111 3765. 
Maximum Rotation 
Side block sliding cU dd .007420 
Side block overturning -.03%3338 .007420 
Side block liftoff - 101425 ec / 
For Earthquake Acceleration of 73.00 % of 
Maxımums/Faılures X (ins) Y (ins) 
Maxımum X ‚112422 
Maximum Y 61103565 
Maximum Rotation 
Side block liftoff -.100195 ‚022333 
For Earthquate Acceleration of 77.00 У ої 
Ma 1mums/Fa1lures X (ins) Y (ins) 
Ma imum X ‚119072 
Maximum Y 109159 0 
Maximum Rotation 
Side block sliding --ОЧОоЕ9 огге 
Side block overturning -.033853 эссэ 
Side block liftoff - ОЗЗОБЕ, 913275 
For Earthquake Acceleration of 76.00 % of 
Maxımums/Faılures X (ins) Y (ins) 
Ma-imum X 7ء‎ 27 
Maximum Y .10773S 
Maximum Rotation 
Side block sliding =70979ат7 .013054 
Side bloc! overturning -.937327 ¿01307349 
For Earthquake Acceleration of 75.00 % of 
Maximums/Fa1lures X (ins) Y (1ns) 
Maximum X ТТ 
Maximum Y ¿104317 
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me r OCT S7 WHITTIER = 910.44 


Theta (rads) Time (sec) 


ہے - - · = -- چحہ < ярь‏ 


4.21 
4.44 
005883 7.85 
атамады 7.88. 
‚005234 7.86 
кашуы 7.9 


the 1 OCT 87 WHITTIER * 10.94 


Thete (ret) Tim (560) 
4.21 
4.44 
005216 7.9 
-005050 7.95 


іне 1 ОСТ G/ WHITIIER * 10.3 
Theta (rads) Time (sec) 
4.21 
4.44 
2.905150 7.85 
ODII? 7.82 
-0049997 7.83 
00.-۔‎ 15. 7.84 


the 1 ОСТ 87 WHITTIER * 10.94 


Theta (rads) Time (sec) 
4.21 
4.44 
„Об. Zen 
200301 7.94 
9001ء‎ 7.64 


the 1 OCT 87 WHITTIER * 10.54 


Theta (rads) Time (sec) 


4.44 
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Wale Shore Design Spreadsheet 


CRIGINAL 0008195 DRAWING 
RUESER САР El 

LENSY DD2 

27114 WF 42.68 


= = = = ہے‎ RO سے‎ яв чә чь o mom om om o gom meo SS SSF nn өр ар ар өр эв өг эв ав эв чь ӨР чэ ч» ч» ч= ч= Эв <= == == > >> == = = 


LEVEL 
i 


MATERIAL 


TOTAL K 
(KIPS/1N) 


= = = = = = +з яв = р а өк чь чє чк Ө» фт ө» чь а» з ч» ч» “р чә т Ор ар ар эр әле = = о о === == эв эв ом de de эв эв эв ч» аз чь ч» Эв Эв эв m эв E E === ===> ~ == == = - 


Mm 4) Ғ» ъ= 


Md (ту "D t 


A» 
с“ 
[Yt (t 767 дз 


«зал مد‎ 
— + 
г” mmn "٦ 
АУ P 


r 


51654 


E 22090. 50 

= 227195 

RHO = 3.09 

Le = 281.99 
Le/kHO = e 

ULT = 77.09 
: 1:488.5: 


E LENGTH WIDTH HEIGHT K 
ESL! ji! EN‘ un) «K195/iN) 
DEPTH) (TRANSVERSE) 
(8) iH) 10) 
n 27.94 17.90 1,00 1769. 
ZER A 12240 255 704, 
22000800 152 17.24 9.50 29580000. 
0ْ 1558 127:5 porous 2280 
735.90 
i 
WALE Sede CS 
РЕЗЕ ЧЕ: = 7ھ‎ iE 
K 9f = 45,22 46 SHORE WT ТЕ 
ES I: QE SUE i) UNS E STIFFNESS 
“21 THETA = ЕСЕ ка: TEL FGRCE= 
А“ 15 = eos NG XEL = 
I FRIME = 0.57 75 JACK DISPL 
ence = AOE IES JACK FORCE = 

FORCE = 759.17 KIPS 
Bess = N 
STRESS = 3094.55 PS! 


PSI MILD STEEL 
MPa 
INS 


INS 


MPa 


PSI 
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59 
20 
07 
t; 


0.0005580 
0,0014206 
0. 00220233 
6, 6002976 


437.51 


TOTAL STIFFNESS 
OF BLOCK SYSTEM 
(KIPSIN): 


21:02 


0.36 INS 


0.57 INS 


158:77:5195 35 51.36 


SIMPLY SUPPORTED POPOV P 557,53 


FIG 11,13 SHIP STRUCTURAL DESIGN P 338 
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